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ABSTRACT
iii
The sediment in Rex Lake, a kettle lake in Northeast Ohio, preserves a record of 
modern sedimentation processes and past anthropogenic impacts to the lake and its 
watershed.  Rex Lake is connected to a series of kettle lakes and human-made reservoirs 
that forms the Portage Lakes System, a popular recreational area.  
Rex Lake is affected by sediment focusing processes and has a wave base of 2 m.  
Sands and gravels having high dry bulk density and low organic content are present 
in water less than 2 m deep.  Organic mud and calcareous mud are present in water 
depths greater than 2 m.  The acoustic properties of the lakefloor were used to remotely 
determine differences between sands/gravels and muds.  Because of differences in matrix 
lithology and pore geometry of the organic muds and calcareous muds, this study shows 
that caution must be exercised when using acoustics to remotely sense lakefloor sediment 
grain size.
The upper 4 m of mud, from the middle of the lake, was cored and measured for 
physical properties, sedimentology and trace metal content.  Four time periods having 
distinct sediment characteristics were identified and related to changing anthropogenic 
activities.  The Pre-settlement Period characterizes organic mud below 135 cm core 
depth, having low sediment density, magnetic, and trace metal content.  This sediment is 
inferred to have accumulated while the watershed was forested prior to Euro-American 
settlement of the area in 1805.  In the Settlement Period, between 135 and 70 cm core 
depth, organic content decreases, magnetic content and sediment density increase slightly, 
and trace metal content remains low.  These sediment changes are inferred to reflect 
iv
increased erosion as the watershed was deforested for agricultural activities.  In the 
Recreation Period, between 70 and 20 cm core depth, organic content decreases to its 
minimum value whereas the trace metal, magnetic content, and sediment density increase 
greatly.  During this period increased human activity (e.g., boating) resulted in the 
greatest amount of trace metal contamination to the lake.  Trace metal concentration in an 
area is influenced by the amount and the type of anthropogenic activity.  Within Summit 
County, Ohio more lake sediment pollution occurs in heavily populated areas (urban or 
industrial) than in less populated (rural) areas.  In the Environment Regulation Period, 
between 20 and 0 cm depth, the sediment has low organic content and declining magnetic 
and trace metal content.  This decline likely reflects a decrease in both manufacturing 
and industrial output in Northeast Ohio and the effectiveness of the Clean Air (1970) and 
Water Acts (1972) to limit pollution input to the environment.
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1CHAPTER I
INTRODUCTION
1.1  Significance of Study
Lake sediment can preserve a record of past natural and anthropogenic impacts to a 
lake and its watershed.  Downcore sediment property variability can be interpreted with 
the aid of documented anthropogenic and natural events that have occurred to the lake 
and watershed.  Many factors need to be considered when assessing changes in downcore 
sediment properties.  Upland vegetation can affect wind exposure, shoreline erosion, 
chemistry of soil water as well as other characteristics of a lake system (Almquist-
Jacobson et al., 1992).  Impacts to the watershed and lake can change the sediment 
yield, sediment composition, trace metal concentration, and magnetic parameters in lake 
sediment (Mann et al., 2013).  For example, a sediment core pollen study at Lake Vaha-
Pitkusta, SW Finland found there was an increase in mineral input and a decrease in 
organic input due to a rise in lake level and increased runoff and erosion to the shoreline 
(Hakala et al., 2004).  This increase in mineral content corresponds to an increase in a 
diatom (Ellerbeckia arenaria) that prefers sandy sediment (Hakala et al., 2004).  A study 
of West-Central Minnesota kettle lakes showed that sediment yield increased abruptly 
at 7200 yr B.P. when the pine forest was replaced by prairie (Almquist-Jacobson et al., 
1992).  The vegetation change exposed more of the shoreline, increased erosion and 
ultimately more mineral and soil input to the lake (Almquist-Jacobson et al., 1992).  At 
Summit Lake, Akron, Ohio, a study by Haney (2004) showed how the construction of the 
2Ohio and Erie Canal (1832) significantly decreased the organic content and increased the 
mineral content to the lake sediment due to the disturbance to the watershed.  Disturbing 
the vegetation in the watershed may increase sediment yield when there is a reduction 
in vegetation that stabilizes soil (Wolman, 1967; Liébault et al., 2005).  Increasing the 
sediment yield increases the allocthonous mineral influx to the lake. 
1.2  Physical Setting of Rex Lake
Rex Lake is located in Northeast Ohio in the city of New Franklin, Summit County, 
about 11 miles (17.7 km) south of the city of Akron (Figure 1).   Rex Lake is located 
near two major roadways, Manchester Road (State Road 93) and W. Turkeyfoot Lake 
Road (State Road 619).  Rex Lake is a part of the Portage Lakes System which also 
includes Turkeyfoot Lake, Mud Lake, Summit Lake, West Reservoir, East Reservoir, 
North Reservoir, Long Lake, Lake Nesmith, among others (Figure 2).  Portage Lakes 
is a system of interconnected natural and man-made lakes.  The man-made lakes were 
created to manage the water supply to surrounding cities and to provide water to the Ohio 
and Erie Canal (Vogenitz, 1999).  The portion of the Ohio and Erie Canal in Summit 
County was constructed between 1825-1832.  Later, the East and West Reservoirs were 
constructed around 1839, mainly for flood control around Turkeyfoot Lake and Rex Lake 
(Vogenitz, 1999).  
Rex Lake is a glacial kettle lake that was formed from the advance and retreat of 
the late Wisconsin glacier (Dreimanis, 1977).  The Erie Lobe split into smaller lobes 
as it advanced over resistant rock (Szabo and Totten, 1995).  Rex Lake was affected by 
the smaller Grand River Lobe and the Kilbuck Lobe.  As the glacier retreated, stagnant 
ice blocks were isolated and buried by glacial sediment.  The morphometry of a kettle 
is dependent on the shape of the ice block from the retreating glacier (Wetzel, 2001)  
3Figure 1. Rex Lake, Ohio is located in Summit County near two major roadways; W. 
Turkeyfoot Lake Rd. and Manchester Rd.  Inset map shows the location of Rex Lake in 
Northeast Ohio (Ohio Geographically Referenced Information Program, 2014). 
 
 
4Figure 2.  Map showing the location of Rex Lake along with some of the other lakes/
reservoirs associated with the Portage Lakes System (Ohio Geographically Referenced 
Information Program, 2014).
 
 
5(Figure 3).  When the ice blocks melted, kettle lakes were formed in the resulting 
depressions (Szabo et al., 2013).  Usually kettle lakes are no more than 50 m deep and 
have steep sides (Wetzel, 2001) (Figure 3).  The glacial deposits around Rex Lake are 
composed of about 52% sand, 33% silt, and 15% clay (Vogenitz, 1999).
Once a kettle is formed, the depression may fill up with water, vegetation, or 
sediment.  How the water infiltrates and recharges the depression and also the acidity of 
the water helps determine if the kettle becomes a bog, fen, wetland, peat land, or kettle 
lake (Kratz and DeWitt, 1986).  Sediment deposition also depends on water acidity, 
recharge rates, and other autogenic and allogenic inputs to the lake (Lamentowicz et al., 
2008).  Wetlands, bogs, and kettle lakes are present throughout Portage Lakes State Park 
(State Parks, 2015).  
At the present time, Rex Lake has a surface area of around 48 acres (0.194 km2) and 
a maximum depth around 25 feet (7.5 m) (Figure 3) (Vogenitz, 1999).  Furthermore, 
Rex Lake is a relatively healthy lake allowing a variety of recreational uses.  The 
Environmental Protection Agency (EPA) used a combination of multiple reports and the 
Ohio Lake Condition Index (LCI) to give Rex Lake a low EPA Cleanliness Rating of 30 
out of 100 (Vogenitz, 1999, p. 47).  The low cleanliness rating is based on the amount 
of chemical parameters, dissolved oxygen, nutrients, and heavy metals found in the 
lake (Vogenitz, 1999, p. 35).  Contamination in Rex Lake is less than 50 and does not 
harmfully affect the wildlife in and around Rex Lake.  There are only minor problems 
associated with the overall lake conditions of Rex Lake allowing full recreational use 
(Ohio NPSMP, 2010).  LCI was used to characterize the overall health of a lake, but the 
LCI assessment process is now obsolete (Ohio EPA, 2008).  Reports from the 1990’s are 
used to assess lake quality, which brings some uncertainty to the quality of inland lakes.  
Slowly, more lake quality reports will be made on important Ohio waterways focusing 
on lake nutrient quality criteria (Ohio EPA, 2008).  By looking at the overall activity on a 
6Figure 3.  Rex Lake, Ohio with bathymetry in feet (ODNR, 2013).  Inset map shows the 
location of Rex Lake in Northeast Ohio (Ohio Geographically Referenced Information 
Program, 2014). 
 
 
7lake, as well as the health of the aquatic biology, a general estimate of a lake’s quality can 
be established (Ohio EPA, 2008).  
Rex Lake lies in the Tuscarawas watershed.  The lake is used for swimming, fishing, 
and boating (Vogenitz, 1999).  Rex Lake is connected to Turkeyfoot Lake, where a public 
access boat ramp and marina are located.  Turkeyfoot Lake is used for speed boating and 
water skiing due to its large size and depth (Figure 2).  Portage Lakes State Park consists 
of 1,000 acres of land including part of the south shore of Rex Lake.  Thousands of 
people visit the state park every year for boating, hiking, fishing, and swimming.  Portage 
Lakes is considered a “fisherman’s paradise” due to variety of fish found in the lake 
(Vogenitz, 1999, p.52). 
1.3  History of Rex Lake
According to Vogenitz (1999), the New Franklin area is characterized by the 
following five historical phases: Indian, Farming and Mining, Summer Resort, Bedroom 
Community, and Transition (Vogenitz, 1999, p.5).  The “Indian” Phase occurred prior to 
1805 and is characterized by Native American occupation of the area (Figure 4).  Settlers 
from New England settled the area in 1805 and forced the Native Americans to relocate 
west (Vogenitz, 1999).  Jacob Rex was one of the first settlers in the area and even lived 
among the Native Americans for some time (Vogenitz, 1999).  This second time period is 
called the “Farming and Mining” Phase when New England settlers came and cleared the 
forests for agricultural purposes (Figure 4) (Vogenitz, 1999).  George Rex was granted a 
total of one square mile of property in 1816.  He  built and operated a distillery and mills 
around Turkeyfoot Lake, Turkeyfoot channel, West Reservoir, and Miller Lake until 1833 
(Vogenitz, 1999).  
8Figure 4.  Photographs showing the changing conditions around Rex Lake.  (A) Triangle 
Lake Bog Nature Preserve near Kent, Ohio, represents what Rex Lake possibly looked 
like before settlement occurred in 1805 (ODNR, 2015). (B) Land clearance and the Ohio 
Erie Canal in nearby Akron, Ohio when Euro-Americans settled the area (Akron Public 
Library).  (C) Beachwood coal mine located 4.5 south of Rex Lake (Vogenitz, 1999).  
(D)  Portage Princess took many people on scenic tours (since 1981 until the present) 
throughout Rex Lake (Vogenitz, 1999).  
A)  
B)  
C)  
D)  
 
 
9Greater access to the area came with the construction of the Ohio and Erie Canal in 
Summit County from 1825 to 1832 (Vogenitz, 1999).  Feeder lakes were built to maintain 
a water depth of four feet in the canal (State Parks, 2015).  Rex Lake, once isolated, 
became connected to Turkeyfoot Lake after the construction of the West Reservoir in 
1839 (Honeywell, 1987).  The West Reservoir expanded Turkeyfoot Lake to connect 
to Mud Lake as well (Honeywell, 1987).  The canal system greatly influenced Summit 
County by increasing businesses in towns around Akron (City of Barberton, 2015).  
Railroads were built in the 1850’s to ship products west to Chicago and east to New 
York (Honeywell, 1987).  Coal was mined in the general vicinity of Rex Lake from 
1835-1928 (City of New Franklin, 2013).  Beachwood Mine was the biggest coal mine 
and was located 4.5 miles (7.2 km) south of Rex Lake (Figure 4) (City of New Franklin, 
2013).  The decline in the coal industry occurred due to the rise in the oil and gas industry 
(City of Barberton, 2015).  The rubber industry in Akron, Ohio began in the 1870’s 
and expanded to surrounding cities bringing many jobs to the area (City of Barberton, 
2015).  Streetcar transportation to the Portage Lakes area began around 1883 (Francis 
and DeMali, 2004).  Another major manufacturing company, Pittsburgh Plate Glass 
Company (PPG) started in the Barberton area in 1899 manufacturing glass and paint 
(PPG Industries, 2015).  
The “Summer Resort” Phase is characterized by the period when summer cottages, 
restaurants, and hotels were constructed around the Portage Lakes (Vogenitz, 1999).  In 
the early 1900’s a coach bus system transported people from cities to the Portage Lakes 
(Vogenitz, 1999).  The “Great Flood” of 1913 devastated the railroad and the Ohio and 
Erie Canal systems.  The destruction caused by the flood marked the end of the canal 
system in Summit County (Francis and DeMali, 2004, p.73).  As people had more leisure 
time, cottages were developed on the lakeshore and families moved closer to the Portage 
Lakes (Francis and DeMali, 2004, p.118).  A fishing resort called Dusty’s Landing was 
10
built on Turkeyfoot Lake in 1918 (Figure 5).  In 1927 Caston’s Landing (Howie’s Place) 
opened on Turkeyfoot Lake and served liquor to all ages and had slot machines (Figure 
5) (Vogenitz, 1999).  Kepler’s Hotel and Landing, located on the south side of Turkeyfoot 
Lake, housed coal miners and was also used for dancing and entertainment (Figure 5) 
(Vogenitz, 1999, p.135).  In the 1930’s, the Portage Lakes Association was formed to help 
manage the lakes (Vogenitz, 1999).
The “Bedroom Community” Phase is characterized as the period when more shops 
and restaurants were constructed around The Portage Lakes (Vogenitz, 1999).  Boating 
became more popular during this time as well (Figure 4).  In 1945 a dance hall was built 
on Rex Lake, during a time when dance music was becoming more prominent (Figure 
6) (Vogenitz, 1999, p.78).  Between 1940 and the early 1950’s the “Reindeer Excursion 
Launch” held scenic tours that traveled across Rex Lake and Turkeyfoot Lake (Vogenitz, 
1999, p.47).  The Portage Lakes Regatta hosted motor boat races from 1947-1954 in 
Turkeyfoot Lake (Vogenitz, 1999).  In 1965, Turkeyfoot Lake was suction dredged to 
remove sediment from shallow areas and during the dredging process mastodon remains 
were found (Figure 7) (Vogenitz, 1999).
The “Transition” Phase encompasses the present day.  This phase is characterized 
by small summer cottages being refurbished or torn down to make room for new, larger 
homes (Vogenitz, 1999, p.5).  The Clean Air Act (1970) and Clean Water Act (1972) have 
reduced environmental pollution and were enacted early in the “Transition” Phase.  In 
the 1980’s major factories and industries in the greater Akron area began to close and/
or relocate elsewhere.  Zebra mussels, thought to have originated from the Caspian Sea 
region, became an invasive species in Rex Lake in the late 1990’s (Vogenitz, 1999).  The 
presence of the filter feeding zebra mussels increased the clarity of water in Rex Lake and 
throughout the Portage Lakes System.
11
Figure 5.  Portage Lakes was a popular recreational area as indicated by the following (A) 
Kepler’s Hotel and Landing (B) Warner’s Boat house (C) Dusty’s Landing (D) Caston’s 
Landing (Howie’s Place) (Vogenitz, 1999).  
 
 
 
 
12
Figure 6.  Craftsmen Park was moved to Rex Lake in 1945 and provided people with 
many recreational activities including a dance hall and access to Rex Lake (Vogenitz, 
1999).
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1.4 Previous Research
To my knowledge there have not been studies focused solely on Rex Lake.  However, 
there are studies of other parts of the Portage Lakes System.  In the summers of 1926 
and 1927 the diets and distribution of three types of minnows were studied (Cassidy et 
al., 1930).  In 1928 and 1929 a study showed that the overall distribution and seasonal 
variation of plankton and the presence of blue-green algae is comparable to other lakes 
that have similar characteristics as the Portage Lakes (Kraatz, 1931).  In 1939 and 1940, 
127 fish representing 21 different species were studied (Hare, 1943).  This study found 
that fish that share the same prey had similar parasites.  Fish having a higher content of 
meat in their diet also had greater numbers of parasites within their body.  Fish found in 
shallower water showed more parasites than fish found in deeper water.  In addition, the 
type of lakefloor substrate was found to be an important factor related to fish parasites.  
Fish from hard bottom settings contained more parasites than fish from muddy lake 
bottom settings (Hare, 1943).
1.5 Present Thesis Study
The sediment in Rex Lake, a kettle lake located in New Franklin, Ohio, was studied 
to assess how the changes in human activity over the past 200 years have altered the 
composition of the sediment accumulating in Rex Lake.  Sediment cores were collected 
and analyzed for downcore profiles of lithology, trace metal concentration, physical 
and magnetic properties.  Changes in sediment composition were related to published 
historical accounts of human activity in and around Rex Lake.  Surficial sediment 
samples were collected throughout Rex, Turkeyfoot and Mud Lakes, to assess sediment 
15
focusing processes.  In addition, these surface sediments were used to determine if 
surface sediment grain size can be remotely sensed by lakefloor acoustic properties.
Rex Lake is part of the interconnected Portage Lakes System, a valuable natural 
resource which experiences tremendous human recreational impacts at the present time.  
This study has generated a record of anthropogenic impacts to Rex Lake.  By providing 
better understanding of past impacts to Rex Lake this study can be used to better project 
potential future impacts to Rex Lake.
16
CHAPTER II
METHODS
2.1 Field Procedures
In 2014, 20 sediment cores and 37 surficial sediment samples were collected 
throughout Rex, Turkeyfoot, and Mud Lakes on May 4, July 20, and September 28.  All 
cores and surficial samples were collected along seismic reflection tracklines collected by 
Bates (2011). 
2.1.1 Sediment Core Sampling
On 5/4/14 and 7/20/14 a Livingston piston corer was used to collect nine long 
sediment cores and the Wildco grab sampler was used to collect 11 short surface cores 
from Rex Lake (Figure 8).  Core locations were selected based on the analysis of seismic 
reflection data previously collected in Rex Lake (Figure 9) (Bates, 2011).  Southern and 
northern regions were selected for coring because they contained windows through the 
gas wipeout on the profile line (Figure 8).  The central region was cored because it was 
located in the deepest part of Rex Lake, where sediment focusing processes would yield 
the highest resolution sediment record (Figure 8).  Because the coring raft drifted, Core 8 
was collected outside of the central region, although within the deep water area.  C18 and 
C19 were collected at the Core 8 site to ensure a complete sediment record at that site.  
By taking multiple cores at each location a complete composite section for each location 
can be constructed.  The water depth at each coring site was measured with a weighted 
17
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rope.  The latitude and longitude for each core was determined with a Garmin global 
positioning system (GPS).
2.1.2 Surface Sediment Sampling
A total of thirty seven surficial sediment samples were obtained with a Wildco grab 
sampler on 7/20/14 and 9/28/14.  The latitude and longitude of each sample was recorded 
with a Garmin global positioning system (GPS).  A weighted rope was used to measure 
the water depth at each location.  Sample locations were selected to acquire sediment 
having varying lakefloor seismic reflection characteristics (Figures 10-12).
2.2 Laboratory Procedures
The sediment cores and surficial sediment samples collected throughout Rex, 
Turkeyfoot, and Mud Lakes were taken to The University of Akron for analysis.  The 
sediment cores were measured for physical properties, sedimentology and trace metal 
content.  The surficial samples were measured for physical and acoustic properties.
2.2.1 Magnetic Susceptibility
All twenty cores were measured for whole-core, low-frequency, volume-
specific magnetic susceptibility (K) using a Bartington MS2C core logging system.  
Measurements were recorded at 3 cm intervals to produce downcore profiles of magnetic 
susceptibility.  Magnetic susceptibility is a measure of magnetic concentration (Evans and 
Heller, 2003).  Samples with higher values of K have a greater content of ferrimagnetic 
minerals.  However, K is also influenced by the diamagnetic and paramagnetic content of 
a sample.  
20
Figure 10.  (Top) Surficial sample locations from Rex Lake, Ohio collected on 7/20/14 
and 9/28/14.  (Bottom) Location of Rex Lake with the Portage Lakes System (Ohio 
Geographically Referenced Information Program, 2014) (ODNR, 2013). 
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Figure 11.  (Top) Surficial sample locations from Turkeyfoot Lake, Ohio collected on 
7/20/14 and 9/28/14.  (Bottom) Location of Rex Lake with the Portage Lakes System 
(Ohio Geographically Referenced Information Program, 2014) (ODNR, 2013). 
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Figure 12.  (Top) Surficial sample locations from Mud Lake, Ohio collected on 9/28/14.  
(Bottom) Location of Rex Lake with the Portage Lakes System (Ohio Geographically 
Referenced Information Program, 2014) (ODNR, 2013). 
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2.2.2 Lithologic Analysis
All cores, except for cores C3, C12, and C14, were split lengthwise.  Lithology was 
analyzed visually for sediment color, grain size and sedimentary structures.  Half of each 
core was subsampled for laboratory analysis, while the other half was archived in the 
refrigerator.  
2.2.3 Physical Properties
The method of Dean (1974) was used to measure the loss-on-ignition (LOI) on all of 
the cores and the thirty seven surface sediment samples.  The uppermost meter of each 
core was sampled at 1 cm intervals.  Below 1 m core depth, a 2 cm sample interval was 
used.  Cores C3, C12, and C14 were used for P-wave analysis and LOI was measured 
only at the P-wave sample locations.  LOI was used to determine the water, organic, and 
carbonate content, as well as the wet and dry bulk density.  1 cc samples were first put 
into the oven at 100°C for twenty four hours, which allowed water content and sediment 
density to be determined.  The samples were then combusted at 550°C for two hours, 
which allowed the organic content to be determined.  The samples were then combusted 
at 1000°C for one hour, which allowed the carbonate content to be determined.  However, 
the LOI method of determining carbonate content may be influenced by dehydrating clay 
minerals at 1000ºC (Dean, 1974).   
2.2.4 Trace Metals
Thirty four samples from C5, C7, and C17 were examined for copper (Cu), lead 
(Pb), zinc (Zn), and chromium (Cr) content using the total digestion method of Lacey 
et al. (2001).  Four of the samples were measured in replicate.  In addition, two acid 
blanks and two Buffalo River reference #8704 samples were analyzed.  All equipment 
was acid cleaned to avoid contamination.  Each sample was placed in the oven at 100°C 
24
until completely dried.  Approximately 0.2 g of sediment was treated with trace metal 
grade acids (1 mL concentrated hydrochloric acid, 5 mL concentrated nitric acid, and 4 
mL concentrated hydrofluoric acid) for 48 hours in a hot water bath.  The samples were 
cooled to room temperature and neutralized with 30 mL of 5% boric acid.  Milli-Q water 
was added to bring each sample to 50 mL.  A Perkin-Elmer 7000 Atomic Absorption 
Spectrometer was used to analyze each sample for Cu, Pb, Zn, and Cr content.  The AA 
values were converted to µg/g. 
2.2.5 Grain Size Analysis
The grain size of representative sediment was analyzed using the method of Folk 
(1980).  Between 100-400 g of sample was treated with 10 mL of 30% hydrogen 
peroxide solution one to two times a day for one week, to remove organic matter within 
the sample.  The samples were then completely air-dried and visually sorted as either 
a mud sample or sand/gravel sample.  The pipette grain size method was applied to the 
mud samples.  About 15 g of mud were initially weighed and then placed into a beaker 
for at least 24 hours with 250 mL solution of sodium metaphosphate (PO4) and deionized 
water to help prevent flocculation.  Each mud sample was then placed into a graduated 
cylinder and the volume was raised to 1,000 mL with the addition of deionized water.  
After thorough mixing of the sample, 20 mL extractions were made at specific times and 
depths from the cylinder (Table 1).  The timing of the extractions were made to obtain 
the weight percentage of each size class from 5 ϕ (0.0156 mm) to 9 ϕ (0.00195 mm) in 1 
ϕ increments.  The sample was then wet sieved at 4 ϕ to obtain the sand/gravel fraction.  
The rotap sieving method was used for the sand/gravel samples.  Each sample was 
sieved from 4 ϕ (0.0625 mm) to - 4 ϕ (16 mm) in 0.5 ϕ increments.  The grain size mean, 
median, sorting, and skewness were determined for each sample (Friedman and Sanders, 
1978).  Representative samples from cores from the central region of Rex Lake were wet 
25
Table 1. Time and depths for extracting clay and silt fractions 
(Folk, 1980).
Phi Time Depth
φ (hr:min:sec) (cm)
5 0:01:45 10
6 0:06:58 10
7 0:28:00 10
8 1:51:00 10
9 3:42:00 5
26
sieved at just 4 ϕ (0.0625 mm) to determine downcore changes in the percent sand (by 
weight).
2.2.6 Magnetic Analysis
Samples from 6, 40, 100, 105.4, 163, and 310 cm composite core depth from the 
central lake region were subjected to detailed rock-magnetic analysis.  Each sample was 
air-dried, pulverized and packed into 5.28 cm3 boxes.  High (4.75 kHz) and low (0.47 
kHz) frequency mass-specific magnetic susceptibility (χ) was measured with a Bartington 
Instruments MS2 susceptibility meter operating at 80 Am-1 field.  The averages of three 
measurements at both frequency readings were recorded.  Frequency dependence was 
calculated using the following relationship:
                   Frequency Dependence=  ((χlf-χhf)/χlf) ×100   Eq. 1
Laboratory magnetizations of Anhysteric Remanent Magnetization (XARM), 
Isothermal Remanent Magnetization (IRM), and Saturated Isothermal Remanent 
Magnetization (SIRM) were measured with the Molspin Spinner Magnetometer.  First, 
the samples were alternating field (AF) demagnetized at 100 mT with a Dtech 2000.  
Second, the samples were imparted with a XARM using an AF of 100 mT and a direct 
current (DC) of 0.1 mT.  The XARM was then measured with the spinner magnetometer.  
Third, the XARM was AF-demagnetized at 40 mT and measured with the Molspin.  
Fourth, an IRM was imparted at 40 mT with an ASC Impulse Magnetizer and measured 
on the Molspin.  Fifth, an SIRM was imparted at 1100 mT with the Impulse Magnetizer 
and measured on the Molspin.  Lastly, the samples were DC demagnetized at -100 and 
-300 mT with the ASC Impulse Magnetizer and measured on the Molspin after each 
demagnetization step.
27
2.2.7 Environmental Scanning Electron Microscope (ESEM)
Fossil fuel combustion particles have distinctive spheroidal morphology and 
chemistry (Evans and Heller, 2003).  In order to assess the presence of combustion 
particles in Rex Lake sediment, magnetic particles were extracted from 6 representative 
down-core samples and examined using a Quanta200i ESEM.  The sediment was first 
mixed with deionized water to create a mud slurry.  A rare-earth magnet was used to 
extract the remanence-bearing particles from the sediment.  The magnetic extracts were 
air-dried and mounted on SEM stubs.  Element composition of selected particles was 
determined by Energy Dispersive X-ray Analysis (EDAX).
2.2.8 P-wave Analysis
The P-wave velocity was measured for both selected surficial sediment samples 
and whole cores C3, C12, and C14.  P-wave velocity was measured using an ultrasonic 
pulse (40 kHz) generator device built by Mr. Tom Quick at The University of Akron.  
Following the method of Bates (2011), the first P-wave arrivals were identified and 
analyzed using a Tektronix TDS 210 oscilloscope.  The ultrasonic pulse generator 
transmits a pulse with a wavelength of 25 µs and a 4 µs delay in sending the pulse (Bates, 
2011).  To calculate the P-wave velocity for each sample, the sample length (10.16 cm) 
was divided by the measured P-wave travel time.
Before measuring sediment samples, the device was first tested using freshwater at 
23°C and 7°C, and air at 23°C to become familiar with accurately identifying the first 
arrival of the P-wave on the oscilloscope.  These mediums have published P-wave values, 
which are in excellent agreement with the measured values (Table 2).  After becoming 
familiar with the ultrasonic pulse generator and measuring on the oscilloscope, saturated 
sediment samples were placed into 10.16 cm tubes.  The ends of the samples were 
wrapped in Saran wrap for measurement. 
28
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2.2.9 Seismic Reflection Profiling
In 2010, a Stratabox seismic reflection system was deployed in Rex, Turkeyfoot, and 
Mud Lakes (Bates, 2011).  These data were available for this thesis study.  Following the 
method of Bates (2011), the seismic profiles were visually examined using the Stratabox 
software seismic processing program.  The VISTA 2D-3D Seismic Processing 12 (64 
bit) program was used to extract the amplitude value of selected traces.  First, the portion 
of seismic profiles closest to the sample locations was identified.  Second, the average 
of 6 seismic traces were extracted from the seismic data file.  Third, the known water 
depth at each location aided in identifying the lakefloor reflector on the seismic trace.  
The lakefloor reflector amplitude was corrected for spherical divergence using a velocity 
of 1,500 m/s.  Spherical divergence is the loss of wave energy due to energy density 
expanding as the wave increases its distance from its source.  The extracted data consists 
of two-way-travel time (ms) and a corresponding reflection amplitude value.
30
CHAPTER III
RESULTS
3.1 Surficial Sediment Distribution
In 2014, 37 surface sediment samples were collected throughout Rex, Turkeyfoot, and 
Mud Lakes on July 20 and September 28 (Figures 10-12; Table 3).  Samples labeled with 
an S followed by a number were collected in a P-wave sample tube.  Samples labeled 
with a G followed by a number were collected in a bag.  Most samples are located on 
seismic reflection tracklines collected by Bates (2011).  Samples were collected along 
seismic tracklines to determine if acoustic properties could be used to remotely sense the 
lakefloor sediment grain size.  
All samples were measured for loss-on-ignition (LOI), except for sample 40, which 
was lost when familiarizing myself with the ultrasonic pulse generator device and the 
oscilloscope.  In shallow water depths between 0-200 cm, the surficial sediment has 
low porosity (< 50%) and organic content (< 5%), and a high dry bulk density (> 1.0 g/
cc) (Figure 13; Table 4).  Sample G4 shows slightly higher organic content and porosity 
values, indicating a transition from samples collected from deeper water.  In water deeper 
than 200 cm, the sediment has high porosity (> 70%), high organic content (> 13%) 
and low dry bulk density (< 0.4 g/cc).  Seven samples do not fit the overall trend of 
varying sediment properties with water depth (Figure 13).  Three of those seven samples 
were collected from Rex Lake.  Sample G6 is located near the island where there is a 
significant drop off in water depth (Figure 10).  Both S21 and S17 are located along a 
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Figure 13.  Surface sediment properties versus water depth.  Vertical line separates 
shallow water from deep water sediment.
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Table 4.  Surface sample physical properties obtained from Rex,  
Turkeyfoot, and Mud Lakes arranged by increasing water depth.
Sample Porosity
- (%) (%) (g/cc) (g/cc) (%) (cm)
S26 1.8 21.1 1.886 1.488 0.6 48
S19 1.0 32.5 1.659 1.119 2.9 145
S30 1.4 32.6 1.727 1.164 2.0 155
G4 9.0 58.0 1.183 0.536 8.7 155
G7 3.0 45.0 1.405 0.774 4.1 160
G1 3.4 30.1 1.691 1.182 2.6 160
G3 14.4 74.2 1.210 0.312 2.8 210
S22 20.8 85.8 1.106 0.157 3.7 220
G6 2.0 45.0 1.475 0.811 5.2 230
S44 1.1 25.9 1.133 0.472 0.3 240
S32 14.8 85.6 1.103 0.159 4.7 250
S27 15.2 80.8 1.137 0.218 5.2 250
S41 16.8 69.6 1.109 0.190 0.5 266
S21 2.1 29.3 1.717 1.214 4.5 275
S8 12.5 80.5 1.141 0.223 3.2 280
S7 18.0 86.6 1.082 0.145 4.8 280
S42 27.7 86.1 1.153 0.161 0.7 285
S17 0.9 20.7 1.921 1.524 7.8 288
S14 17.7 86.2 1.095 0.151 3.9 290
G9 14.0 81.0 1.120 0.213 5.2 290
S20 16.7 85.4 1.109 0.162 3.2 300
S15 13.4 79.1 1.140 0.239 6.8 300
S3 7.8 71.9 1.227 0.345 10.2 310
S43 20.8 86.0 1.029 0.361 1.0 310
S45 19.7 85.9 1.035 0.437 0.5 320
S31 22.5 89.7 1.052 0.108 1.3 350
G8 20.3 85.4 1.091 0.159 3.1 350
S6 11.8 64.8 1.255 0.442 5.0 360
G5 17.7 85.4 1.097 0.161 1.6 430
S11 19.9 87.4 1.080 0.136 1.6 475
S1 17.6 86.7 1.109 0.147 3.9 480
S12 2.1 25.2 1.785 1.336 4.2 525
S25 23.2 88.9 1.085 0.121 2.5 550
S13 21.3 87.2 1.076 0.138 2.6 550
S10 18.6 82.0 1.124 0.202 4.0 590
S18 26.4 90.6 1.058 0.100 2.0 672
Organic 
Content
Wet Bulk 
Density
Dry Bulk 
Density
Carbonate 
Content
Water 
Depth
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bathymetric ridge in the northern region and correspond to an area having high amplitude 
lakefloor reflectors (Figure 10).  Samples S44 and S45 are from Turkeyfoot Lake in a 
channel that has been highly disturbed by dredging to provide access to public boat ramps 
(Figure 11).  Samples S6 and S12 are located on the steeply sloping side of Mud Lake 
(Figure 12).  
In addition to organic content, porosity, wet and dry bulk density, the carbonate 
content of the sediment was also estimated by loss-on-ignition.  Carbonate content varies 
between 0.3-10.2% (Figure 14; Table 4).  Sediment that was visually characterized as 
calcareous mud, shelly, or organic mud have average carbonate contents of 6.0, 4.3, and 
2.6 percent, respectively (Figure 13).  Shelly sediment dominates the lakefloor in water 
depths less than 200 cm.  Organic mud is present in water depths greater than 200 cm.  
Calcareous mud sediment occurs largely in water depths between 250-300 cm (Figure 
14).  
Grain size was determined for thirteen representative samples from a range of water 
depths (Appendix A; Figure 14; Table 5).  Gravel characterizes the sediment in water less 
than 200 cm deep, whereas mud characterizes sediment in water deeper than 200 cm.  
The exceptions to this general grain size trend are two sand samples (S17 and S21) from 
275-290 cm water depth that were collected from areas having high-amplitude lakefloor 
reflectors.  These two samples are located along a bathymetric ridge in the northern 
region (Figure 10).  A third gravel-sized sample (S12) from Mud Lake, is located in deep 
water on a steep slope and does not fit the general grain size water depth trend.
3.2 Sediment Cores
The study area was divided into three regions based on acoustic property differences 
shown in the seismic section: southern, central, and northern regions.  Sediment cores 
36
Figure 14.  (Top) Surface sediment carbonate content and (Bottom) grain size versus 
water depth.  Vertical line separates shallow water from deep water sediment types.
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Table 5.  Surface sediment summary grain size measurements of representative samples. 
D50 = median.  
Sample Porosity Gravel Sand Mud Mean D50
- (cm) (%) (%) (%) (%) (ф) (ф)
S26 48 21.1 75.6 23.1 1.3 -2.30 -3.23
S19 145 32.5 54.3 45.3 0.4 -0.95 -1.43
S30 155 32.6 - - - - -
G4 155 58.0 - - - - -
G7 160 45.0 - - - - -
G1 160 30.1 - - - - -
G3 210 74.2 - - - - -
S22 220 85.8 0.0 11.0 89.0 0.00 9.25
G6 230 45.0 - - - - -
S44 240 25.9 - - - - -
S32 250 85.6 0.0 12.1 87.9 0.00 6.14
S27 250 80.8 - - - - -
S41 266 69.6 - - - - -
S21 275 29.3 18.6 80.6 0.8 0.25 0.56
S8 280 80.5 - - - - -
S7 280 86.6 - - - - -
S42 285 86.1 - - - - -
S17 288 20.7 36.9 61.8 1.2 -0.37 0.14
S14 290 86.2 - - - - -
G9 290 81.0 - - - - -
S20 300 85.4 0.0 8.0 92.0 0.00 2.52
S15 300 79.1 - - - - -
S3 310 71.9 0.0 38.2 61.8 0.00 8.77
S43 310 86.0 - - - - -
S45 320 85.9 - - - - -
S31 350 89.7 0.0 2.3 97.7 0.00 5.14
G8 350 85.4 - - - - -
S6 360 64.8 - - - - -
G5 430 85.4 - - - - -
S11 475 87.4 0.0 3.7 96.3 0.00 4.24
S1 480 86.7 - - - - -
S12 525 25.2 62.6 35.7 1.7 -1.35 -4.52
S25 550 88.9 0.0 1.8 98.2 0.00 4.53
S13 550 87.2 - - - - -
S10 590 82.0 - - - - -
S18 672 90.6 0.0 1.9 98.1 0.00 2.96
Water 
depth
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were collected from each region (Figures 8 and 9; Table 6).  The southern region was of 
interest for sediment coring to ground truth the acoustic sub-bottom reflectors.  In the 
southern region, two short surface cores were collected with the Wildco grab sampler (C1 
and C2) and two long cores were collected with the Livingston piston corer (C3 and C4) 
(Figure 8).  The northern region was of interest for sediment coring because it contained 
an area having a high-amplitude lakefloor reflector.  In the northern region three short 
surface cores (C9, C10, and C13) and three long piston cores were collected (C11, C12, 
and C14) (Figure 8).  The central region is located in the deep water part of Rex Lake 
where it was hypothesized that sediment focusing processes would result in the most 
complete sediment record.  In this region, six short surface cores (C5, C6, C15, C16, C18 
and C20) and four long piston cores were collected (C7, C8, C17 and C19) (Figure 8).  
On May 4, 2014 the coring raft drifted and C8 was collected much further to the east than 
intended.  Short surface core C18 and long piston core C19 were then collected at the C8 
site to ensure a complete sediment section from core site C8. 
Detailed results are presented for each individual region in the following sections.  
All downcore LOI data are found in Appendices (B-D).  Individual core LOI profiles and 
lithologies of the central region are found in Appendix E.
3.2.1 Southern Region
With the exception of surface cores C1 and C2 the magnetic susceptibility profiles are 
highly variable among the southern region cores (Figure 15).  The surface cores have low 
organic content (averaging 17.9%) and dry bulk density (~0.2 g/cc), and high water and 
carbonate content (averaging 79% and 1.4%, respectively)(Figures 16-19).  Whole core 
magnetic susceptibility increases with depth.  Long piston cores C3 and C4, although 
collected from the same general area show major differences in all sediment properties 
(Figures 20-23).  C3 was collected as a whole core for laboratory P-wave study, so 
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Table 6. Sediment cores obtained from Rex Lake, Ohio on 5/4/14 and 7/20/14.
Core Number Latitude Longitude Water depth Core Length Region
- (°) (°) (cm) (cm) -
C1 40.9757 -81.5543 365 15 Southern
C2 40.9757 -81.5543 365 15 Southern
C3 40.9757 -81.5543 365 198 Southern
C4 40.9757 -81.5543 365 233 Southern
C5 40.9761 -81.5539 680 13 Central
C6 40.9761 -81.5539 680 19 Central
C7 40.9759 -81.5532 680 281 Central
C8 40.9749 -81.5511 680 271 Central
C9 40.9765 -81.5527 305 14 Northern
C10 40.9765 -81.5527 305 9 Northern
C11 40.9764 -81.5516 275 153 Northern
C12 40.9768 -81.5522 275 153 Northern
C13 40.9768 -81.5522 275 15 Northern
C14 40.9766 -81.5519 275 90 Northern
C15 40.9762 -81.5539 700 18 Central
C16 40.9762 -81.5539 700 17 Central
C17 40.9763 -81.5540 700 153 Central
C18 40.9752 -81.5508 525 18 Central
C19 40.9752 -81.5508 525 101 Central
C20 40.9758 -81.5534 551 17 Central
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Figure 16.  Lithology of Core 1 from the southern region in Rex Lake, Ohio.
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Figure 18.  Lithology of Core 2 from the southern region in Rex Lake, Ohio.
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Figure 20.  Lithology of Core 3 from the southern region in Rex Lake, Ohio.
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Figure 22.  Lithology of Core 4 from the southern region in Rex Lake, Ohio.
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the sampling interval is widely spaced.  Whole core magnetic susceptibility for C3 is 
relatively high averaging 3x10-5 relative SI units (Figure 21).  Organic and water content 
are low (~10.2% and ~67.9%), whereas dry bulk density is high around 0.37 g/cc, and 
carbonate content is also high (averaging 3.3%).  Between 60-65 and at 156 cm depths 
there are peaks in organic and water content, and low values for carbonate content and 
dry bulk density.  The upper 20 cm of sediment in C4 displays a general similarity in K to 
the surface cores (Figure 15).  C4 magnetic susceptibility decreases stepwise with respect 
to increasing core depth (Figure 23).  In C4, when organic and water content are low 
(~24.3% and ~85%) , carbonate content and dry bulk density have high values (averaging 
0.83% and 0.67 g/cc).  Conversely when organic and water content increase, carbonate 
content and dry bulk density values decrease (Figure 23).
3.2.2 Northern Region
The short surface cores C9, C10, and C13 have similar downcore profiles of magnetic 
susceptibility, organic content, water content, carbonate content, and dry bulk density 
(Figures 24-30).  Organic content averages 15% and water content averages about 70%.  
Water content decreases and carbonate content and dry bulk density increase in each short 
surface core when the lithology changes to a grey calcareous mud at about 10 cm depth 
(Figures 26, 28, and 30).  The three long cores collected from the northern region (C11, 
C12, and C14) show substantial differences in downcore magnetic susceptibility (Figure 
24).  However, cores C12 and C14 display general similarities in visual grain size and 
LOI profiles (Figures 31-34).  C12 and C14 were collected as whole cores for laboratory 
P-wave analysis, so the sampling interval is about 10 cm.  Organic content is low in both 
C12 and C14 averaging about 10%.  Water content shows a decline around 12 cm in 
C12 (Figure 32) and 19 cm in C14 (Figure 34) until the bottom of both cores.  Carbonate 
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Figure 25.  Lithology of Core 9 from the northern region in Rex Lake, Ohio.
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Figure 27.  Lithology of Core 10 from the northern region in Rex Lake, Ohio.
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Figure 29.  Lithology of Core 13 from the northern region in Rex Lake, Ohio.
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Figure 31.  Lithology of Core 12 from the northern region in Rex Lake, Ohio.
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Figure 33.  Lithology of Core 14 from the northern region in Rex Lake, Ohio.
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content and dry bulk density have an overall increasing trend with depth (Figures 32 and 
34).
The sediment properties of C11 do not covary with other cores collected from the 
northern region.  C11 has higher organic content, greater than 10%, and has a maximum 
organic content of  73.4%.  High organic content is found throughout C11 and especially 
in the lithologies of black mud and black-brown mottled mud (Figures 35 and 36).  
These sediment layers are not present or as abundant in the other cores collected from 
the northern region.  From 153 to 83 cm core depth, the organic content increases from 
20% to 27%, water content averages around 83.6%, and carbonate content and dry bulk 
density decrease.  Between 83-30 cm core depth there is black mud and black-brown 
mottled mud having organic content averaging 53.6%, water content around 89%, 
carbonate content averages less than 0.3%, and dry bulk density is low around 1.0 g/cc.  
The uppermost 30 cm of sediment has a lower average organic content (< 20%) and high 
water content around 77.6%, carbonate content increases to an average of 1.6%, and dry 
bulk density increases to an average of 0.2 g/cc (Figure 36).  
3.2.3 Central Region
Whole core magnetic susceptibility profiles were used to correlate the cores from the 
deep water central basin.  Short cores C5, C6, C15, C16, C18, and C20 all display similar 
profiles with a magnetic susceptibility peak between 9 and 13 cm core depth (Figure 37).  
The upper 50 cm or more of sediment was not recovered in cores C7 and C8 as indicated 
by the missing sediment having large K values (>7 relative SI units 10-5) present in cores 
19 and 17 (Figure 38).  The LOI profiles were used to perform a more detailed correlation 
with Analyseries software (Paillard et al., 1996).  Long core C17 was chosen as the 
reference core for the central region because it contained a well-preserved sediment-water 
interface.  Six tie-lines were used to correlate the carbonate content profile of C19 to C17 
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Figure 35.  Lithology of Core 11 from the northern region in Rex Lake, Ohio.
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(Table 7).  Seven tie-lines were used to correlate the organic content profile of C7 to C17 
(Table 8).  Lastly, C8 was aligned with the new correlated C7 depth scale by adding a 
constant value of 163.5 cm to C8 based upon the K correlation (Figure 38).   The result of 
the LOI and K correlation is a complete composite sediment section that extends to 433 
cm below lakefloor (Figure 39).  This complete composite sediment section is composed 
of C5, C6, C7, C8, C17, and C19 (Figure 39) and will be described from deepest (oldest) 
to shallowest (youngest) in the following paragraphs.  
Between 433-135 cmblf (centimeters below lakefloor) composite sediment section 
contains gyttja that varies in color from dark green brown to dark brown black (Figures 
40 and 41).  In this interval the sediment has high organic content (~80%), water content 
averages 93.5%, low magnetic susceptibility (< 1.0 relative SI units 10-5), carbonate 
content is around 0.02%, and dry bulk density averages 0.06 g/cc (Figure 41).  Between 
135-70 cmblf there is an increase in magnetic susceptibility (1.7 relative SI units 10-5), 
carbonate content averages 0.08%, and dry bulk density increases to an average of 0.08 
g/cc.  Average organic content decreases from 80% to about 60% and water content 
decreases slightly to an average of 91.5%.  In this section the lithology transitions from 
gyttja to dark brown mud.  Between 70-38.5 cmblf magnetic susceptibility increases to 
its maximum (9.1 relative SI units 10-5), carbonate content increases averaging 0.12%, 
dry bulk density increases averaging 0.11 g/cc, and organic content steadily decreases 
(Figure 41).  Dark brown mud comprises this interval.  From 38.5-20 cmblf, magnetic 
susceptibility begins to decrease, water and organic content decrease to their minimum 
values (74.8% and 15.2%), whereas carbonate content and dry bulk density reach their 
maximum values (1.3% and 0.24 g/cc).  In this section there is black and grey mottled 
mud and olive-black mud.  The uppermost 20 cm of sediment is comprised of dark 
brown mud with alternating layers of black mud and brown mud.  This sediment has low 
magnetic susceptibility (< 1.0 relative SI units 10-5), organic content averages 22.1%, and 
67
Table 7.  Correlation tie points for C19 as a function 
of C17.
Original C19 Depth Equivalent C17 Depth
(cm) (cm)
0.6 6.4
25.7 30.4
30.5 40.4
57.9 80.7
75.4 104.8
100.5 130.4
68
Table 8.  Correlation tie points for C7 as a function 
of C17.
Original C7 Depth Equivalent C17 Depth
(cm) (cm)
0.5 50.6
9.5 57.9
34.0 82.5
44.9 99.1
73.7 128.8
85.1 143.9
88.9 152.4
69
Figure 39.  Correlated magnetic susceptibility (K) profiles used to construct a complete 
composite sediment section for the central region of Rex Lake.
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dry bulk density decreased to an average of 0.13 g/cc.  The carbonate content begins to 
decline to moderate values (0.56%) (Figure 41). 
The composite sediment section was further analyzed for changes in the concentration 
of lead (Pb), copper (Cu), zinc (Zn), and chromium (Cr) (Table 9; Figure 42).  Two acid 
blanks and two Buffalo River reference material #8704 samples were also analyzed 
for trace metal content.  Both acid blanks were below the detection limit of the AA for 
each metal indicating that samples were not contaminated during laboratory analysis 
(Table 10).  The trace metal concentration recovered from the Buffalo River reference 
material #8704 ranged from 99-110% of the reported value for Pb, Zn, and Cr (Table 
10).  The excellent agreement between the measured and reported values indicates that 
the total digestion procedure was efficient at extracting the metals from the sediment.  
The four replicate samples are in close agreement indicating that downcore metal content 
variability is greater than within sample variability (Figure 42). 
The downcore trace metal profiles show considerable variability (Figure 43).  
Between 433.5-70 cmblf trace metal content is low and below the Threshold Effect 
Concentration (TEC) (MacDonald et al., 2000) (Figure 43).  The sample at 241.5 
cmblf shows a minor increase in metal content.  Below 70 cmblf the low metal content 
corresponds to sediment having high organic content between 45-85% and less than 2% 
sand content (Figure 43).  There is an increase in metal concentration between 70-40 
cmblf.  Within this interval organic content declines steadily and sand content remains 
low at about 2%.  At 38.5 cmblf Cu, Zn, and Cr all attain their peak concentrations, 
whereas, Pb attains its peak concentration at 26.5 cmblf (Table 9; Figure 43).  Above each 
peak in metal concentration, there is a decline in metal concentration towards the top of 
the core.  This decline in metal concentration corresponds to sediment having low organic 
content (averaging 20%) and sand content of 3% (Figure 43).  
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Table 9. Trace metal content of the sediment cores from the central region of Rex Lake, 
Ohio. Replicate samples are indicated by R.
Core # Core 
Depth
Composite 
Core Depth
Sediment Pb Cu Cr Zn
- (cm) (cm) (g) (µg/g) (µg/g) (µg/g) (µg/g)
5 0.5 0.5 0.210 42.143 35.000 17.143 114.524
5 2.5 2.5 0.202 46.535 33.911 20.792 130.693
5 4.5 4.5 0.206 53.398 35.680 22.573 137.621
5 6.5 6.5 0.211 60.427 36.967 21.801 138.389
17 6.5 6.5 0.204 56.127 36.520 21.814 142.402
5 8.5 8.5 0.212 52.830 36.792 23.349 141.274
17 9.5 9.5 0.211 51.659 40.995 22.986 140.284
5 (R) 10.5 10.5 0.202 59.158 33.911 21.040 135.644
5 10.5 10.5 0.207 55.072 34.058 22.705 139.855
17 13.5 13.5 0.208 58.654 32.212 19.952 134.856
17 15.5 15.5 0.206 92.718 32.767 20.631 140.777
17 19.5 19.5 0.202 94.059 28.713 19.307 128.465
17 22.5 22.5 0.206 95.874 29.126 19.903 143.689
17 26.5 26.5 0.205 113.171 32.927 23.171 169.024
17 31.5 31.5 0.203 109.606 32.266 31.034 208.128
17 35.5 35.5 0.202 70.050 36.139 31.188 168.564
17 38.5 38.5 0.201 99.005 53.234 46.517 286.070
17 (R) 42.5 42.5 0.201 76.368 36.070 36.070 246.269
17 42.5 42.5 0.202 74.505 45.792 38.119 253.218
17 48.5 48.5 0.207 96.860 24.879 27.778 166.184
7 4.5 53.8 0.204 83.333 18.627 22.304 147.794
7 10.5 58.9 0.201 76.119 20.149 23.134 214.925
7 14.5 62.9 0.204 61.520 22.304 23.775 134.559
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Core # Core 
Depth
Composite 
Core Depth
Sediment Pb Cu Cr Zn
- (cm) (cm) (g) (µg/g) (µg/g) (µg/g) (µg/g)
7 (R) 20.5 69.0 0.204 29.657 13.235 19.853 85.049
7 20.5 69.0 0.201 28.607 12.438 20.647 89.801
7 24.5 73.0 0.205 23.902 14.146 20.976 97.073
7 30.5 79.0 0.200 22.500 10.750 15.500 62.500
7 38.5 89.4 0.215 28.140 11.860 14.884 103.256
7 50.5 104.9 0.208 31.250 12.981 16.106 76.923
7 70.5 125.0 0.203 22.414 15.271 17.980 84.236
7 (R) 70.5 125.0 0.204 20.588 16.422 18.382 93.873
7 92.5 155.5 0.205 16.341 10.000 10.244 60.000
7 114.5 177.5 0.206 13.835 8.981 8.738 58.495
7 136.5 198.5 0.204 7.598 7.598 11.275 58.824
7 158.5 219.5 0.203 15.517 6.158 9.360 63.793
7 180.5 241.5 0.206 21.359 13.107 16.990 83.981
7 224.5 285.5 0.199 19.849 5.276 6.281 56.030
7 268.5 329.5 0.219 8.447 1.826 6.393 58.447
Table 9. Trace metal content of the sediment cores from the central region of Rex Lake, 
Ohio. Replicate samples are indicated by R (Continued).
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Table 10. Trace metal concentrations of the Buffalo River reference 
material #8704 and acid blanks. (A) Measured metal concentration in the 
acid blanks and Buffalo River reference material #8704. (B) Reported 
trace metal concentration from the Buffalo River reference material 
#8704 (National Institute of Standards and Technology, 2000). (C) The 
trace metal concentration of the measured reference material as a per-
centage of the reported value.
A.
Sample name Sediment Pb Zn Cr Cu
- (g) (µg/g) (µg/g) (µg/g) (µg/g)
Acid Blank 1 0 0.09 0.04 0.01 -0.02
Acid Blank 2 0 0.08 0.03 0.01 -0.03
Buffalo 1 0.205 160.00 420.98 119.76 80.49
Buffalo 2 0.206 170.63 396.36 120.63 77.91
B.
Pb (µg/g) Zn (µg/g) Cr (µg/g) Cu (µg/g)
Buffalo River #8704 150 ± 17 405 ± 15 121.9 ± 3.8 -
C.
Pb Zn Cr Cu 
Buffalo River #8704 (%) (%) (%) (%)
Buffalo 1 106.7 103.9 98.2 -
Buffalo 2 113.8 97.9 99.0 -
110.2 100.9 98.6 -Average
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A rare-earth magnet was used to extract remanence-bearing particles from six core 
samples.  The same effort was used to extract particles from each sample so the amounts 
extracted can be compared between samples.  The greatest concentration of remanence-
bearing magnetic particles was found at 40 cmblf that corresponded to the largest 
magnetic susceptibility value (Figure 44).  There were no remanence-bearing magnetic 
particles extracted from the deepest sample at 310 cmblf.  Qualitatively, the amount of 
extracted remanence-bearing particles is directly related to the magnetic susceptibility 
value, confirming that magnetic susceptibility reflects the concentration of ferrimagnetic 
material and is not controlled by changes in magnetic grain size (Figure 44).  
Each remanence-bearing magnetic extract was further analyzed by ESEM and 
EDAX.  Iron-rich spherules having diameters between 25 to 50 µm were found in the 
extracts (Figures 45-49).   This spherical morphology is indicative of a source from 
the combustion of coal or oil (Evans and Heller, 2003).  The composition of these 
spherules is mainly Fe, Si, O, Al with minor amounts of C, Ti, and K (Figures 45-48).  
The combustion spheroids from 105 cmblf have a similar composition except there is 
no K and the Si, Al, and Ti are present in minor amounts compared to Fe (Figure 48).  
The concentration of magnetic particles decreases greatly at 163 cmblf, causing the 
detection of combustion spherules to be tedious.  At this depth, an Fe map of the entire 
field of view was used to locate a cluster of Fe bearing particles.  The morphology of the 
magnetic particle is platy and it is composed of Fe, S, O, and C and minor amounts of Si 
and Al (Figure 49).  
Additional magnetic analyses were performed on sediment from the depths of the 
six magnetic extract samples to gain a better understanding of the downcore changes in 
magnetic concentration, grain size, and composition (Table 11).  K, X, SIRM display 
similar trends in downcore magnetic concentration variation (Figure 50).  Low magnetic 
concentration characterizes the gyttja (433-135 cmblf). The increase in magnetic 
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Figure 44.  Visual comparison of the magnetic particles extracted from the central 
region cores of Rex Lake.  Samples from 6 cm (top), 40 cmblf, 100 cmblf, 105.4 
cmblf, 163 cmblf, and 310 cmblf (bottom).  The diameter of the petri dish is 9 cm.
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Figure 45.  Magnetic mineral extract from composite depth 6 cmblf. (A) Photograph 
showing magnetic combustion spherules. (B) EDAX spectrum of the large spherule in A 
showing the presence of Fe, O, Si, K, C, Ti, and Al.
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Figure 46.  Magnetic mineral extract from composite depth 40 cmblf. (A) Photograph 
showing magnetic combustion spherules. (B) EDAX spectrum of the large spherule in A 
showing the presence of Fe, O, Si, K, C, Ti, and Al.
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Figure 47.  Magnetic mineral extract from composite depth 100 cmblf. (A) Photograph 
showing magnetic combustion spherules. (B) EDAX spectrum of the large spherule in A 
showing the presence of Fe, O, Si, K, C, Ti, and Al.
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Figure 48.  Magnetic mineral extract from composite depth 105 cmblf. (A) Photograph 
showing magnetic combustion spherules. (B) EDAX spectrum of the large spherule in A 
showing the presence of Fe, O, Si, C, Ti, and Al.
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Figure 49.  Magnetic mineral extract from composite depth 163 cmblf. (A) Photograph 
showing magnetic particles. (B) EDAX spectrum of the large spherule in A showing the 
presence of Fe, O, Si, C, and S.
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concentration begins when organic content begins to first decline.  Around 40 cm core 
depth, magnetic concentration begins to decrease until the top of the core.  However, 
XARM at 40 and 100 cm shows a different trend than the other magnetic concentration 
parameters (Figure 50).  The XARM parameter is greatly biased by the presence of fine-
grained stable single domain magnetic particles (Evans and Heller, 2003).  The grain size 
parameters suggest that the sample from 100 cm has the finest magnetic particle size, 
whereas the sample from 40 cm has the coarsest magnetic grain size (Figure 51).  These 
differences in magnetic particle size accounts for why the XARM magnetic concentration 
parameter is different than the X and SIRM concentration parameters.
The S-ratio of each sample was above 0.95 indicating a magnetic mineralogy 
dominated by low coercivity mineral such as magnetite, maghemite, or greigite (Figure 
52).  Biplots are a combination of magnetic measurements that sometimes can be used to 
understand the composition of a sample (Evans and Heller, 2003, p. 49).  Each of the six 
samples plotted in the zone of magnetite and titanomagnetite (Figure 53).  The sample 
collected from 163 cm showed high concentrations of Fe and S on the EDAX, but did 
not plot in the greigite portion of the biplots possibly because sediment mixtures are not 
expressed well using biplots alone (Evans and Heller, 2003).
Lastly, the Dearing Plot was used to gain insight on the grain size and source of 
the magnetic particles (Figure 54).  Most samples have a frequency dependence below 
2%, indicating the absence of super paramagnetic (SP) grain sizes.  Most samples 
plot in the region of fossil fuel combustion. The sample extracted at 105.4 cmblf has a 
frequency dependence of 5.8%, which indicates the presence of SP grains.  The frequency 
dependence of magnetic susceptibility could not be determined for samples from 163 and 
310 cm because they had low magnetic concentration values (Xlf < 20 10
-8m3kg-1).  
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Figure 52.  Lithology and magnetic mineralogy for the composite core from the central 
region of Rex Lake, Ohio.  See figure 40 for lithology key.
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Figure 53.  Biplots of selected samples extracted from central region in Rex Lake, Ohio 
(Evans and Heller, 2003).  
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3.3 Acoustic Properties of Rex Lake
In 2010 a seismic reflection survey was performed at Rex, Turkeyfoot, and Mud 
Lakes by Bates (2011) to test the performance of the Stratabox seismic equipment.  
However Bates (2011) did not process or study these seismic lines for his thesis.  The 
nine tracklines from Rex, Turkeyfoot, and Mud Lakes were examined here for subsurface 
reflectors and lakefloor sediment acoustic properties.  
3.3.1 Subsurface Seismic Facies
Four of the nine seismic profiles were collected from Rex Lake. Profile 3 of Rex 
Lake was studied in detail and was divided into southern, central, and northern regions 
based on differing acoustic characteristics (Figure 55).  Transducer ringing masks seismic 
reflectors in water less than 3 m deep (Figure 55).  In water greater than 3 m deep the 
water column is recognized as a reflection-free zone.  In water depths between 3-7.5 m 
deep, a semi-continuous, low-amplitude lakefloor reflector is present.  With increasing 
water depth the amplitude of the lakefloor reflector decreases (Figure 55).  In the southern 
region a reflection free seismic facies is located immediately below the lakefloor reflector 
(Figure 55).  At 2 mblf a continuous, medium-amplitude sub-bottom reflector lies above 
the bottom multiple (Figure 55).  The central region is comprised of a gas wipeout 
facies.  The northern region has a bathymetric high, characterized by a continuous, high-
amplitude lakefloor reflector (Figure 55).  Beneath the lakefloor reflector and above the 
bottom multiple are two semi-continuous, moderate-amplitude sub-bottom reflectors.
3.3.2 Whole Cores Acoustic Properties
To ground truth the seismic reflection profile, whole cores were collected along 
profile 3 on May 4, 2014 and brought to the lab for acoustic measurements.  Core 3 was 
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collected in the southern region and cores C12 and C14 were collected in the northern 
region (Figure 8).  Each core was cut into numerous 10.16 cm whole-round segments to 
measure the P-wave velocity.  After the P-wave velocity was measured, each downcore 
plug was then analyzed for lithology and LOI.  
Core 3, from the southern region of Rex Lake, is largely comprised of brown and 
grey-brown mud having P-wave velocity greater than 2,000 m/s (Figure 56).  Between 
about 45-75 cmblf, the P-wave velocity decreases in a grey brown mud lithology.  The 
average amplitude of six seismic traces from profile 3 were obtained at the core site.  The 
Stratabox seismic amplitude is low below 70 cmblf and increases to the top of the core 
(Figure 56). 
Core 12 was taken from the northern region in Rex Lake and is characterized by 50 
cm of dark brown mud overlying a grey clay (Figure 57).  P-wave velocity is above 2,000 
m/s throughout the core (Figure 57).  There is an abrupt change in WBD at 50 cmblf. The 
upper 50 cm of sediment has a lower WBD (~1.01 g/cc) than the rest of the core (~1.25 
g/cc).  The resulting calculated acoustic impedance shows a change at about 50 cmblf as 
well (Figure 57).  The Stratabox seismic amplitude shows an increase in value between 
40-60 cm (Figure 57).  
Core 14 was obtained in the northern region of Rex Lake, to the west of C12 (Figure 
8).  P-wave velocity measurements from the upper 25 cm of core are slightly lower than 
measurements made between 25-80 cm (Figure 58).  The calculated acoustic impedance 
and average Stratabox seismic amplitude both increase with depth in the core.  Higher 
acoustic and seismic amplitudes correspond to a green/grey clay whereas lower values 
correspond to black and grey mud lithologies near the top of the core (Figure 58).   
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3.3.3 Surficial Sediment Acoustic Properties
Thirty six surficial sediment samples were analyzed for P-wave velocity and wet bulk 
density (Table 12).  P-wave velocity generally decreases with increasing water depth 
(Figure 59).  However, samples S6 and S12 do not fit this trend and have high P-wave 
velocities (~2,500 m/s) in deep water (360 cm and 525 cm).  Both S6 and S12 are from 
a steep slope in Mud Lake where sediment gravity flow processes may transport shallow 
water sediment into deep water down slope (Figure 12).  The remaining samples from 
water depths greater than 320 cm had P-wave velocities slower than water (< 1,500 m/s) 
(Table 13).  The organic rich nature of these samples likely produced interstitial gas 
which slows the P-wave velocity.  Wet bulk density is generally low (~1.2 g/cc) in water 
deeper than 2 m.  However, three samples (S12, S17, and S21) located in water deeper 
than 2 m do not fit this trend and have high wet bulk density (> 1.7 g/cc).  S12 is from a 
steep slope in Mud Lake (Figure 12), whereas S17 and S21 are located on a bathymetric 
ridge in the northern region of Rex Lake (Figure 10).  Although, several samples do not 
fit the general trends mentioned above, only sample S12 has both high P-wave velocity 
(> 2,500 m/s) and WBD values (> 1.7 g/cc) (Figure 59).  Samples S6, S17, and S21 have 
opposing P-wave and WBD measurements suggesting the possibility of difficulty in 
measuring either the P-wave velocity or WBD.  
Acoustic impedance was calculated for each sample using the wet bulk density and 
P-wave velocity.  The acoustic impedance generally decreases with increasing water 
depth (Figure 59).  Samples S6, S12, S17, and S21 fall outside of the trend and have 
high acoustic impedance (> 3,000,000 kg/m2s) even though they are found in water 
greater than 200 cm.  These four samples (S6, S12, S17, and S21) fall outside of the trend 
because either the P-wave velocity or WBD values do not correspond to their respective 
trends (Figure 59).  
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Table 12.  Geophysical properties of surface samples from Rex, Mud and Turkeyfoot 
Lakes.
- (m/s) (g/cc) kg/m2s - -
S26 2383.1 1.886 4494852.6 0.512 -
S19 2527.9 1.659 4192699.2 0.485 -
S30 2295.2 1.727 3963179.9 0.464 -
S22 2097.0 1.106 2320270.3 0.230 -
S32 1977.3 1.103 2181455.8 0.201 -
S27 2428.7 1.137 2760746.4 0.311 -
S21 2377.5 1.717 4081143.9 0.475 -
S8 1966.5 1.141 2244238.9 0.214 -
S7 1575.6 1.082 1704020.7 0.080 -
S17 2348.2 1.921 4510554.7 0.513 -
S14 1879.2 1.095 2057909.3 0.173 -
S20 1928.5 1.109 2139661.7 0.191 -
S15 2128.5 1.140 2426754.2 0.251 -
S3 2063.6 1.227 2532723.1 0.271 -
S31 1489.9 1.052 1567682.4 0.038 -
S6 2428.7 1.255 3047797.9 0.355 -
S11 1256.9 1.080 1357459.8 -0.034 768
S1 1249.2 1.109 1385012.2 -0.024 80768
S12 2559.2 1.785 4568474.8 0.518 76288
S25 1189.7 1.085 1291386.6 -0.059 384
S13 1235.3 1.076 1329164.2 -0.044 384
S10 1218.5 1.124 1369855.8 -0.029 58240
S18 1237.3 1.058 1308860.7 -0.052 128
S41 2118.9 1.109 2349831.1 0.236 -
S42 2570.0 1.153 2963190.6 0.342 -
S43 1966.5 1.029 2023872.0 0.164 -
S44 2540.0 1.133 2877537.8 0.329 -
S45 1837.3 1.035 1902167.6 0.134 -
Sample Average 
Velocity
Wet Bulk 
Density
Acoustic 
Impedance
Coefficent of 
Reflection
Lakefloor 
Amplitude Mean
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Figure 59. Variation in geophysical properties of surficial sediment samples as a 
function of water depth.
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The coefficient of reflection was calculated following the method of Bates (2011).  
When there is a difference in the acoustic impedance of two mediums, energy is reflected. 
The equation for the coefficient of reflection (R) is:
R=(C2D2-C1D1)/(C2D2+C1D1)      Eq. 2 
Where (C) represents the P-wave velocity and (D) represents the wet bulk density of 
each medium.  The sediment is represented as medium 2 and the overlying lake water 
as medium 1.  C2 and D2, of the surficial sediment samples, were directly measured in 
the laboratory.  The following procedure was used to determine the P-wave velocity 
and wet bulk density values for the lake water.  Because Rex Lake water temperature 
was not measured on the day of the seismic survey the March temperature (7º Celsius) 
of a similar sized Ohio kettle lake was used (Yifru, 2002).  A temperature of 7º Celsius 
yields a freshwater density of 0.999902 g/cm3 (Bates, 2011).  The P-wave velocity of the 
freshwater was calculated by Bates (2011) using the following equation from Mackenzie 
(1981): 
  
       
C1=1448.96+4.591T-5.304E
-2T2+2.374E-4T3+1.340(S-35)+   Eq. 3
1.630E-2D+1.675E-7D2-1.025E-2T(S-35)-7.139E-13TD3. 
Where T is the bottom water temperature, D is the water depth and S is the salinity 
in parts per thousand.  Bates (2011) measured the conductivity in Rex Lake at 924 
microsiemens on the day of the seismic survey.  The conductivity reading yields a 
salinity of 0.591 parts per thousand (Lenntech, 2015).  D is the field measurement of the 
water depth (m) for each sample site.  The calculated coefficient of reflection generally 
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decreases with increasing water depth, except for S12 (Figure 59).  S12 is from a steep 
slope in Mud Lake (Figure 12).
Transducer ringing results in the Stratabox system only resolving the lakefloor when 
the water depth is greater than 4 m.  There were 7 sediment samples collected in water 
greater than 4 m deep that had P-wave velocity measured in the lab.  The lakefloor 
reflector amplitude corresponds to these 7 sample locations extracted from the seismic 
data (Table 12 and 14).  In water greater than 4 m, the lakefloor acoustic properties 
exhibits both high and low reflection amplitudes.
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Table 14.  Stratabox lakefloor reflector amplitude corresponding to surficial 
sediment sample locations in Rex, Turkeyfoot and Mud Lakes.
Sample
- - (ms) - (cm)
S26 1 0.6 - 48
S19 10 1.9 - 145
S30 10 2.1 - 155
S22 3 2.9 - 220
S44 10 3.2 - 240
S32 10 3.3 - 250
S27 10 3.3 - 250
S41 1 3.5 - 266
S21 4 3.7 - 275
S8 10 3.7 - 280
S7 3 3.7 - 280
S42 1 3.8 - 285
S17 3 3.8 - 288
S14 4 3.9 - 290
S20 3 4.0 - 300
S15 4 4.0 - 300
S43 1 4.1 - 310
S45 10 4.3 - 320
S31 4 4.7 - 350
S6 10 4.8 - 360
S11 3 6.3 768 475
S1 4 6.4 80768 480
S12 10 7.0 76288 525
S25 4 7.3 384 550
S13 1 7.3 384 550
S10 10 7.9 58240 590
S18 3 9.0 128 672
Horizon Time 
Pick
Lakefloor Reflector 
Amplitude
Seismic 
Profile
Water 
depth
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CHAPTER IV
DISCUSSION
4.1 Sediment Dispersal Processes
The study of surface sediment allows modern sediment dispersal processes to be 
assessed in Rex Lake.  In water less than 200 cm deep, gravel-sized sediment having 
organic content less than 5%, porosity below 50%, and dry bulk density greater than 0.5 
g/cc (Figure 60).  In water deeper than 200 cm, mud having organic content greater than 
13%, porosity greater than 70%, and dry bulk density less than 0.4 g/cc characterizes 
most of the lake bottom (Figure 60).  The sediment in Rex Lake is influenced by 
sediment focusing processes.  Sediment focusing describes the process by which physical 
processes control the way sediment erodes, resuspends, and accumulates in lakes (Blais 
and Kalff, 1995).  Sediment focusing results in more sediment accumulating in deeper 
water areas of lakes than in shallow water areas (Hilton, 1985), and is common in kettle 
lakes and other simple basins (Lehman, 1975).  Waves that are produced from wind and 
boats cause turbulence in the shallow water and resuspend shallow water lake deposits.  
The sediment that is resuspended is then redeposited in more tranquil deeper water 
(Larson and MacDonald, 1994).  
There are seven samples from deep water that have shallow water sediment 
characteristics.  With the exception of samples 21 and 17, these samples are located 
within 35 m of the shoreline (Figure 10).  There are several possible explanations that 
can explain why these deep water samples have shallow water sediment characteristics.  
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Figure 60.  Surface sediment property variation versus water depth.  The fields of 
erosion, transportation, and accumulation are inferred from sediment porosity values 
after Hakanson (1982).  The red vertical line marks the calculated wave base, see text for 
explanation.
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First, dredging in shallow water has been done in the past, most notably in 1965 when 
a mastodon bone was found and most recently in 2013, to provide public boat access 
(Vogenitz, 1999; Eubank, 2013).  The dredged sediment may have been placed into 
deeper water and may explain the gravel in the northern region of Rex Lake (Samples 21 
and 17).  Second, ice rafting may deliver coarse-grained nearshore sediment to deeper 
water.  Each spring, as the ice cover breaks up, ice flows from the shoreline may drift 
and melt in deeper water.  Third, steep lakefloor slopes may be subjected to sediment 
gravity flows that transport shallow water sediment to deeper water.  Samples S10 and 
S12 are from lake areas having steep slopes (Figure 12).  Fourth, in the fall the lake 
level is lowered by about 0.5 m for dock maintenance and for preparation of the winter 
freeze (John Schlaeppi; personal communication, 2015).  With the lowering of the 
lake, nearshore sediment is exposed and waves may have a greater ability to remobilize 
shallow water sediment into deeper water.  However, this amount of lake level fluctuation 
is relatively minor.  Fifth, in 1839 when the West Reservoir was built and connected Rex 
Lake to Turkeyfoot Lake, the water level in Rex Lake may have raised.  The northern 
region ridge in Rex Lake might have once been shallow water sediment.
Wave base is the depth at which wave orbital motion ceases and is equal to half the 
wave length.  Above wave base, lake sediment is resuspended and moved to deeper water 
where it accumulates.  The wave base for Rex Lake was calculated as approximately 
2 m using two different methods.  The first method used the relationship between 
fetch and wind speed to obtain the wave height and then an estimate for wave base 
(Hakanson, 1981).  The fetch is the distance that the wind blows over the water (Larson 
and MacDonald, 1994), and is estimated at about 1 km for Rex Lake as measured using 
the distance tool in Google Earth.  With a fetch of 1 km and a wind velocity of 9.83 m/s 
(NCDC, 2014), a wave height of 0.2 m is estimated for Rex Lake.  With this estimated 
wave height the ETA-diagram (erosion-transportation-accumulation) of Hakanson (1981) 
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was used to find the accumulation zone in Rex Lake by comparing wave height and water 
depth.  Using the method of Hakanson (1981), erosion and transportation occurs in water 
depth less than 2 m and accumulation occurs in water depth greater than 2 m.  The second 
method used peak wave period to calculate wave base (Davidson-Arnott, 2010).  A peak 
wave period of 1.6 seconds is determined from a wind velocity of 9.83 m/s (NCDC, 
2014) and a fetch of 1 km.  Peak wave period was then used to calculate the wave length, 
and half of the wave length is the wave base.  The wave length of a 1.6 s period wave is 4 
m, yielding a wave base for Rex Lake of 2 m.  The calculation of wave base established 
by both methods is 2 m and is in excellent agreement with the observed major change in 
surface sediment properties at 2 m water depth (Figure 60).
A further check on sediment dispersal processes comes from the analysis of 
sediment porosity.  In shallow water above the wave base, there are zones of erosion 
and transportation (Hakanson, 1982).  Below wave base the sediment is not disturbed by 
wave action thus fine-grained sediment having high porosity accumulates.  According 
to Hakanson (1982), sediment with porosity between 50-70% characterizes the zone of 
transportation.  Below 50% porosity is the zone of erosion, and above 70% porosity is the 
zone of accumulation (Hakanson, 1982).  In Rex Lake, mud with porosity greater than 
70% is found in water deeper than 2 m and is in the zone of accumulation (Figure 60).
4.2 Subsurface Facies Analysis
Whole cores were collected in both the southern and northern regions to investigate 
the seismic windows in seismic profile 3 (Figure 55).  Low organic content, averaging 
around 10%, characterizes both the northern and southern regions (Figure 61).  The low 
organic content of the sediment does not generate sufficient biogenic gas to attenuate sub-
bottom penetration of the seismic energy.  As a result, moderate-amplitude, sub-bottom 
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reflectors are found in both southern and northern windows.  A composite core was 
constructed from the central region and revealed high organic content (~57%) (Figure 
61).  The high organic content sediment created a gas wipeout that masks any sub-bottom 
reflectors.  The whole cores collected (C3, C12, C14) do not extend deep enough to reach 
the sub-bottom reflectors, so further analysis was made using other longer cores from the 
southern and northern regions.
Core C4, which extended 233 cmblf, was selected to ground truth the southern region 
seismic profile (Figure 62).  C4 has alternating mud layers of moderately high organic 
content (averages 48.4%) and high carbonate content (averages 0.8%).  The deepest layer 
in C4 is a change to tan/grey sandy mud and it corresponds in depth to the sub-bottom 
reflector (Figure 62).  This change to sandy mud might yield enough of a contrast to 
produce an acoustic reflector, although longer cores would help address the origin of the 
sub-bottom reflector.
Core C11, which extended 153 cmblf, was used to ground truth the northern region 
seismic facies (Figure 63).  In C11, the uppermost 30 cm of sediment has low average 
organic content of 19.7% and carbonate content averages 1.6% (Figure 36).  The low 
organic content does not attenuate the signal and allows the sub-bottom reflectors to be 
visible.  The change in the lithology may correspond to the upper moderate-amplitude, 
sub-bottom reflector in the northern region (Figures 36 and 63).  Alternatively, the 
deepest lithology in C11 is a tan/grey sandy mud that may provide enough of an acoustic 
contrast to yield a sub-bottom reflector.  The spatial variability of sediment from the 
northern region is evident by how poorly the various cores from the northern region 
covary (Figure 24).  As a result of the variability, assigning a specific core lithology 
to a specific sub-bottom reflector is difficult.  However, the cores do display varying 
lithologies that are capable of producing acoustic reflectors.
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The variability of the sediment from the northern and southern regions may reflect 
how sediment fills a kettle lake.  Due to sediment focusing, the thickest lacustrine 
deposits are in the deep water, center of the basin and they thin as they onlap the basin 
sides.  The calcareous sediment recovered in the northern and southern regions may be 
present at depth in the central region.  This calcareous sediment may be similar to the 
marl and detritus-calcareous gyttja often present as early Holocene kettle lake sediment 
fill (Lamentowicz et al., 2008).  When the ice block melts, marl is often first deposited 
followed by lacustrine gyttja and then bog/wetland peat as the kettle fills with sediment 
(Lamentowicz et al., 2008).
4.3 Grain Size Analysis
The spatial distribution of sediment grain size is an important parameter when 
describing lake environments.  Erosion, transportation, and deposition of sediment 
depends on the fluid energy and sediment grain size.  Understanding the distribution of 
grain size is an important way to locate specific animal species because organisms tend 
to associate with specific grain sizes in a benthic habitat (Rhoads and Young, 1970).  
Knowing the variation of grain size is also useful with remediation processes.  Heavy 
metals tend to adsorb to clay size grains (Peng et al., 2009).  Knowing where specific 
sediment grain sizes are located allows for remediation processes to target a specific area 
more efficiently to begin the remediation process.  Knowing the variation of grain size 
also helps determine if in-situ or ex-situ remediation methods would be more effective 
(Peng et al., 2009).  For instance, if mud sized grains are dominate in a contaminated 
area, ex-situ technique of flotation and/or electro-chemical remediation may be more 
effective than in-situ remediation (Peng et al., 2009).  Grain size distribution maps are 
made by collecting and analyzing sediment samples in an area or by using acoustics to 
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remotely sense the grain size.  Geophysical methods can be used to remotely sense grain 
size in an efficient manner.  In this study seismic reflection data (Bates, 2011) was used to 
assess if grain size can be remotely sensed.
Remotely sensing grain size is possible because grain size has a relationship to 
porosity.  Generally, fine-grain sediment packs together less regularly due to their shape 
and thus have higher porosity than coarse-grained sediment (Rogers and Head, 1961).  
Porosity is an important controlling factor in P-wave velocity (Eberli et al., 2003).  As 
porosity increases, P-wave velocity decreases (Anselmetti and Eberli, 1993).  Thus, 
porosity is also an important control for acoustic impedance of sediment.  The porosity of 
surficial sediment samples from Rex Lake increases as sediment grain size becomes finer 
(r2 = 0.96) (Figure 64).  Mud samples have high porosity averaging 85.7% and coarse-
grained samples have low porosity averaging 25.8%.  Strong linear relationships are also 
shown between grain size and organic content and wet bulk density properties; r2 = 0.81 
and r2 = 0.94, respectively (Figure 64).  Fine grain sediment is characterized as having 
high organic content (~19%)and low wet bulk density (~1.1 g/cc).  Coarse grain sediment 
is characterized as having low organic content (~1.6%) and high wet bulk density (~1.8 
g/cc) (Figure 64).  The bottom of Rex Lake does not span all grain sizes but instead 
falls into two main clusters.  Thus, the data clusters into two groups and have higher r2 
values than would be found if more sand samples were present.  Lakefloor amplitude 
is equivalent to acoustic impedance, relating to changes in sediment properties (Bates, 
2011).  Coarse grain sediment has high lakefloor amplitude and fine grain sediment has 
low lakefloor amplitude (Figure 65).  Coarse grain sediment has a higher coefficient of 
reflection and P-wave velocity than do fine grain sediment (Figure 65).  
P-wave velocity is dependent on rigidity, pore geometry, fluid saturation, porosity, 
and matrix lithology (Anselmetti and Eberli, 1993).  Changes in any of these geologic 
factors can change the P-wave velocity of a medium.  In Rex Lake, the mud grain size 
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Figure 64.  Grain size of 13 surficial samples compared to specified sediment properties.
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Figure 65.  Grain size of 13 surficial samples compared to both geophysical and 
sediment properties.
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has differing lithologies of either a calcareous mud or an organic mud (Figures 59 and 
65).  Calcareous mud was found in water depths between 310-220 cm, whereas organic 
mud was found in water depths greater than 350 cm (Figure 65).  Porosity and organic 
content are generally lower in the calcareous mud than in the organic mud, whereas WBD 
is higher in the calcareous mud than in the organic mud (Table 4; Figure 64).  The major 
difference between organic and calcareous mud lies within their acoustic properties.  
Calcareous mud has higher P-wave velocities and coefficient of reflection values than 
organic mud (Figure 65).  
Due to sediment focusing processes, coarser grains are located nearshore in shallow 
water and fine grained sediment is located in deep water (Figure 65).  The coarse-grained 
sand and gravel sediment has low porosity (~25.8%) and high lakefloor amplitude, 
coefficient of reflection (>0.4), and P-wave velocity (>2,000 m/s).  Fine-grained sediment 
is redistributed by waves and accumulates below the wave base in calm water deeper 
than 2 m.  The organic-rich mud sediment has high porosity (~85.7) and low lakefloor 
amplitude, coefficient of reflection (~0.0), and P-wave velocity that averages 1,655 m/s 
(Figure 65).  Calcareous mud is found in moderate water depth (2-3 m) and has WBD, 
lakefloor amplitude, coefficient of reflection, and P-wave velocity values between those 
of sand/gravel and organic mud.  
Although matrix lithology influences the P-wave velocity differences between 
carbonate and organic muds, it is likely that pore shape also has an important impact.  
When P-wave velocity increases, generally, grain size increases and porosity decreases 
(Eberli et al., 2003; Bates, 2011).  However, carbonate sediment has a wide range of 
possible P-wave velocities for one porosity value (Eberli et al., 2003).  The type of pore 
(interparticle and intercystalline porosity, microporosity, moldic porosity, intraframe 
prorosity, or low-porosity carbonates) influences the sediment elastic property and 
yields different P-wave velocities for similar porosity values (Eberli et al., 2003).  The 
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calcareous mud in Rex Lake may have higher P-wave velocity than organic mud because 
each of these types of muds may have different pore types.  Eberli et al. (2003) found 
that in calcareous sediment, when the pores were coupled with the matrix, the P-wave 
velocities were faster than average.  It is possible that the pore-matrix coupling varies 
between calcareous mud and organic mud, although a more detailed study is warranted.  
The variability of P-wave velocities at similar porosity causes uncertainty when using 
P-wave to estimate porosity and/or grain size of surficial sediment.  
Grain size can often be remotely sensed using seismic reflection data.  The use of 
geophysical methods allows for grain size distribution maps to be made more rapidly.  
In a study of Summit Lake, Ohio, a seismic reflection survey was used to remotely 
sense grain size (Bates, 2011).  The Summit Lake sediment showed increasing lakefloor 
amplitude with increasing sediment grain size (Bates, 2011).  This trend was less clear 
in Rex Lake.  This study of Rex Lake shows that sand/gravel can be distinguished 
from muds using the lakefloor reflector amplitude.  However, the type of mud present 
(calcareous or organic-rich) complicates the seismic-grain size relationship.  Although 
mud-sized, the calcareous matrix lithology yields acoustic properties between that of 
organic mud and gravel.  Collecting surficial sediment samples from a study site is an 
important check on the validity of using remote sensing to identify grain size.
Using all tracklines available for this study (Bates, 2011) the construction of a 
grain size distribution map can be made based upon the varying lakefloor amplitudes 
throughout Rex, Turkeyfoot, and Mud Lakes (Figures 66 and 67).  One cannot use the 
Stratabox in water less than 3 m deep due to transducer ringing.  Thus, grain size can 
only be remotely sensed by lakefloor seismic reflection amplitude in water depth deeper 
than 3 m.  Therefore, maps were constructed of the Rex, Turkeyfoot, and Mud Lakes 
areas only using trackline data from areas greater than 3 m water depth.  Low amplitude 
(blue lakefloor color on the seismic profiles) likely represents organic muds and are 
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Figure 66.  Lakefloor amplitudes from seismic reflection data collected in Rex Lake 
(Bates, 2011) (Ohio Geographically Referenced Information Program, 2014) (ODNR, 
2013).  High amplitude areas are likely to have sand and gravel surficial sediment.  
Whereas, medium and low amplitude areas are likely to be comprised of mud.
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Figure 67.  Lakefloor amplitudes from seismic reflection data collected in Turkeyfoot 
and Mud Lakes (Bates, 2011) (Ohio Geographically Referenced Information Program, 
2014) (ODNR, 2013).  High amplitude areas are likely to have sand and gravel surficial 
sediment.  Whereas, medium and low amplitude areas are likely to be comprised of mud.  
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generally found in the deepest part of each lake.  Medium amplitude (yellow lakefloor 
color) likely represents both calcareous mud and shelly samples found in medium water 
depths between 300 and 350 cm and also in deep water of Mud Lake where the lakefloor 
has a steep slope.  High amplitude (red lakefloor color) is found in the northern region of 
Rex Lake where there is a bathymetric high and one grab sample recovered gravel-sized 
sediment (Figure 66).  This study shows that grain size can be remotely sensed by using 
seismic reflection data.  Being able to quickly produce lakefloor grain size maps could be 
useful in studies of sediment dispersal and benthic habitat mapping.  However, according 
to the different acoustic properties of organic mud and calcareous mud, collecting 
samples is required to ground truth the seismic data.
4.4 Historical Changes
Cores collected from Rex Lake were not subjected to absolute dating methods 
such as 210Pb or 14C dating.  However, sediment cores from nearby lakes have been 
radiometrically dated.  The studies from nearby Summit Lake (Haney, 2004) and the 
Gorge Dam Pool (Mann et al., 2013) were used to help constrain the age of sediment in 
Rex Lake (Figure 68).  Summit Lake is located 9 km north of Rex Lake in urban Akron.  
Prior to the 1850’s, low sediment trace metal concentrations reflect natural background 
concentrations when anthropogenic pollution activity was low (Haney, 2004).  Pb 
concentrations began to increase in the 1850’s and remained high (averaging 517 µg/g) 
until 1980 (Haney, 2004).  The onset in elevated metal concentration corresponds to 
increased anthropogenic activity as Akron became urbanized (Haney, 2004) (Figure 68).  
The onset of elevated trace metal concentration occurs at 70 cm core depth in Rex Lake 
(Figure 68).  As was shown in the dated core from Summit Lake, pollution levels increase 
in the core when local anthropogenic activity in the immediate watershed area increases.  
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Therefore at Rex Lake, the increase in Pb at 70 cm depth is interpreted to represent the 
year 1900 when summer cottage construction increased at Portage Lakes and busloads of 
people from the city spent their weekends boating on the Portage Lakes (Vogenitz, 1999). 
The 210Pb dated cores from both Summit Lake and the Gorge Dam Pool show 
declining Pb concentration since 1980 (Haney, 2004; Mann et al., 2013) (Figure 68).  
The decline in trace metal concentration since 1980 is attributed to the effectiveness 
of the Clean Water Act (1972) and the Clean Air Act (1970) as well as the decline in 
manufacturing in Northern Ohio (Haney 2004; Mann et al., 2013).  In Rex Lake, at about 
20 cm core depth, Pb concentrations show a similar decline in Pb content toward the core 
top (Figure 68).  This application of event stratigraphy allows me to approximate the age 
of Rex Lake sediment at 20 cmblf as corresponding to the year 1980.  
Based upon the age control just described, Rex Lake’s history can be divided into 
four major time periods: Pre-setttlement, Settlement, Recreation, and Environment 
Regulation.  The changing environmental impacts of these time periods are based on core 
lithology, physical properties, and trace metal concentrations (Figure 69).  
4.4.1 Pre-settlement Period (Prior to 1805)
Below 135 cmblf (centimeters below lakefloor) an organic-rich mud (gyttja) having 
low sediment density, magnetic, and trace metal content is present (Figure 69).  This 
lithology is interpreted to represent the time prior to Euro-American settlement of the 
region in 1805.  During the Pre-settlement Period, the Rex Lake region had abundant 
natural resources for hunting, fishing, and agriculture which attracted Native Americans 
to the area (Vogenitz, 1999).  During this period there were several large Native American 
villages located near the Portage Lakes, taking advantage of the clean water and forests 
(Vogenitz, 1999, p.7).  Prior to Euro-American settlement, the watershed was forested 
and Rex Lake likely had a fringing marsh, similar to nearby kettle lakes that are now 
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nature preserves (e.g., Triangle Lake Bog State Nature Preserve) (Figure 70).  The 
vegetated watershed would limit soil erosion and mineral delivery to the lake resulting 
in highly organic sediment deposits in Rex Lake (~80%).  Trace metal concentrations are 
low during the Pre-settlement Period.  The sediment Pb concentration is below the TEC 
value of 35.8 µg/g (MacDonald et al., 2000) (Figure 69).  The low metal values provide 
a measure of the natural background values of these metals.  There was no magnetic 
particle recovery with the rare-earth magnetic indicating the absence of remanence 
bearing magnetic particles.  The high amount of organic content causes the lake water 
to become more acidic.  This change is due to the production of carbon dioxide from the 
decomposition of organic matter (Dean, 1999).  The lowering of the pH increases the 
amount of dissolution of calcium carbonate (Figure 69) (Dean, 1999).  The dissolution of 
calcium carbonate is the reason why a minimum amount of calcium carbonate is present 
in the sediment during this time period.
4.4.2 Settlement Period (1805-1900)
At 135 cm core depth there is an abrupt decline in organic content which marks 
the onset of the Settlement Period (Figure 69).  Between 135-70 cm core depth, mud 
having decreased organic content, and increased dry bulk density and magnetic content 
is present.  Trace metal content remains below the TEC (Figure 69).  This sediment is 
inferred to have been deposited during the Settlement Period when settlers from New 
England forced the Native Americans to relocate west (Vogenitz, 1999).  Jacob Rex’s 
family was the first to settle the area (Vogenitz, 1999).  The Euro-Americans settled 
the Rex Lake area in 1805 and cleared the forest for agricultural purposes (Vogenitz, 
1999).  Land clearance would increase soil erosion and sediment yield to Rex Lake, thus 
producing an increase in dry bulk density and magnetic susceptibility (Figure 69).  The 
construction of the Ohio-Erie Canal through Summit County began in 1825 and was 
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completed in 1832 (Vogenitz, 1999).  The Portage Lakes were connected to the canal 
in order to provide a steady supply of water.  Coal was mined in the general vicinity of 
Rex Lake from 1835-1928 (City of New Franklin, 2013).  Businesses began to flourish 
with faster shipment of products on the canal system.  Saw mills were constructed near 
the Ohio and Erie Canal around the Portage Lakes to provide lumber to Cleveland for 
shipbuilding (City of New Franklin, 2013).  These nearby anthropogenic activities 
changed the watershed and lake system resulting in a change in sediment physical 
properties but not an increase in trace metal pollution (Figure 69).  
4.4.3 Recreation Period (1900-1980)
Between 70-20 cm the sediment is interpreted to represent the Recreation Period 
(Figure 69).  At 70 cm, lead concentration increases, and by comparison to nearby 
dated sediment records, is assigned the year 1900 (Figures 68 and 69).  Bewteen 70-
38.5 cm core depth, the sediment displays a steady decline in organic content and an 
increase in heavy metal concentration (Figure 69).  Between 38.5-20 cm core depth, the 
organic content reaches a minimum value (15%), whereas magnetic content, dry bulk 
density, trace metals, and carbonate content reach maximum values (Figure 69).  During 
this time interval greater anthropogenic activity occurred on the lake itself and more 
disturbances occurred in the watershed (Vogenitz, 1999).  Around 1900, summer cottages, 
restaurants, and hotels were constructed around the Portage Lakes for both recreational 
and business purposes (Vogenitz, 1999).  In 1913 there was a “Great Flood” and the 
destruction caused by the flood marked the end of the Ohio and Erie Canal system in 
Summit County (Francis and DeMali, 2004, p.73).  However, development continued 
along the lakeshore as more families moved closer to the Portage Lakes to build summer 
cottages (Francis and DeMali, 2004, p.118).  Kepler’s Hotel and Landing, located on the 
south side of Turkeyfoot Lake, housed coal miners from 1896 to 1928 and was also used 
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for dancing and entertainment (Vogenitz, 1999, p.135).  In 1945, at a time when dance 
music was popular, a dance hall was built on the shore of Rex Lake (Vogenitz, 1999, 
p. 78).  Between 1940 and the early 1950’s the “Reindeer Excursion Launch” offered 
scenic tours on Rex and Turkeyfoot Lakes (Vogenitz, 1999).  In the 1930’s the Portage 
Lakes Association was formed to help manage the lakes (Vogenitz, 1999).  The increase 
in anthropogenic activity in and around the lake enhanced soil erosion and trace metal 
pollution to Rex Lake.  More motorized boats with two cycle engines were in use.  With 
each engine revolution, exhaust containing a mixture of gas and oil is released into 
the lake (AMSOIL, 2001).  The increase in trace metals to Rex Lake comes from both 
activity on the lake (e.g., boating) as well as activity in the surrounding area.  Waste 
water from local industries and residences as well as roadside pollution from vehicles and 
power plants in the region can contribute pollution to the lake.  The concentration of Pb 
surpasses the TEC level around 70 cmblf indicating that there is a possibility of adverse 
effects to the aquatic ecosystem (MacDonald et al., 2000).  All four metals peak around 
40 cm core depth (Figure 42).  With increased soil disturbance in the watershed more 
soil minerals will be deposited into the lake increasing the dry bulk density.  Organic 
content decreases significantly which may increase lake water pH and thereby allows the 
preservation of more carbonate in the sediment (Figure 69).  
4.4.4 Environment Regulation Period (1980-2014)
The uppermost 20 cm of Rex Lake sediment is mud having declining trace metal 
content, dry bulk density, carbonate content, and magnetic susceptibility (Figure 69).  In 
this interval the organic content remains low (~23.5%).  The upper 20 cm of sediment 
was deposited in the time period termed the Environment Regulation Period.  In nearby 
lakes with radiometrically dated cores, the trace metal concentrations decline beginning 
around 1980 due to the effectiveness of the Clean Air (1970) and Water Acts (1972) and 
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a decline in industrial activity in Northeast Ohio  (Haney, 2004; Mann et al., 2013).  A 
similar trend in trace metal content is seen in Rex Lake and is used to date the upper 
20 cm to the time period since 1980 (Figure 69).  Improvements in environmental 
regulations and technology help limit pollution to the lake and its watershed.  The Clean 
Air Act (1990 amendment) banned Pb from gasoline in 1995.  The transition from 
two cycle to four cycle boat motors also lowers pollution levels because four cycle 
engines are more efficient and have separate gas and oil systems (AMSOIL, 2001).  The 
separation of gas and oil allows only the gasoline to burn in the combustion chamber, 
making four cycle exhaust cleaner than two cycle engine exhaust (AMSOIL, 2001).  
With the passing of time, cleaner sediment is gradually burying the older contaminated 
sediment and surface sediment quality may attain background metal concentration levels 
in one to two decades.  This projection is made by extrapolating the lead plot into the 
future and assuming the same sedimentation rate throughout the Environment Regulation 
Period (Figure 69).  
In recent decades there is limited space to build new homes in the Rex Lake 
watershed.  With limited building space and with most lots already occupied, disturbance 
of the watershed is minimized and possible pollution from construction decreases as well. 
With more stable land cover, sediment yield is not enhanced and there is less mineral 
input from the watershed (Dearing, 2008).  These watershed conditions may explain 
the decline in dry bulk density at the core top.  In addition, the uppermost sediment is 
uncompacted and thus has lower density.  The slight increase in organic content toward 
the core top may reflect nutrient input from the watershed to the lake.  However, the 
introduction of zebra mussels to the Portage Lakes in 1998 (Vogenitz, 1999) has resulted 
in greatly increased water transparency (Great Lakes Information Network, 2015).  
The efficient filter feeding zebra mussels may reduce the amount of dead algal matter 
accumulating in the lake sediment.  This may be why the organic content of the sediment 
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remains low.  A more detailed understanding of recent change in nutrient loading to the 
lake and water quality changes is beyond the scope of this study.  
4.5 Degree of Anthropogenic Impacts to the Lakes in Summit County
Fossil fuels have been used for decades to supply energy to power plants, vehicles, 
heating, and many other uses.  As the use of fossil fuels increases with population growth, 
environmental regulations become important to mitigate the adverse impacts of fossil fuel 
use.  Airborne particles known as fly-ash are a product of burning fuel.  The weather and 
physical characteristics of fly-ash determines how far from the source fly-ash will travel 
before being deposited (Rose et al., 1996).      
Sediment metal concentration in a given area is often dependent on the level of 
human activity in a region.  A comparison of human impacts to five waterways in Summit 
County can be made by evaluating Pb concentration profiles.  Rex Lake, Summit Lake, 
Silver Lake, the Gorge Dam pool, and the former Munroe Falls Dam pool have all 
experienced various degrees of anthropogenic impacts (Figures 71).  Summit Lake is 
located within urban Akron in an area having a population density of 4,418 people/mi2 
(Summit County Census, Ohio, 2015) (Figure 72).  Of the five sites under consideration, 
the highest lead concentrations are found in Summit Lake sediment (400-800 µg/g) 
and are the result of industrial activities and high-density urban development (Haney, 
2004) (Figure 71).  The Gorge Dam pool is located on the Cuyahoga River in the city 
of Cuyahoga Falls in an area having a population density of 3,530 people/mi2 (Summit 
County Census, Ohio, 2015) (Figure 72).  The moderately high lead concentrations 
of the Gorge Dam pool sediment (200-400 µg/g) are a result of urban anthropogenic 
activities (Mann et al., 2013) (Figure 71).  The former Munroe Falls Dam pool is 
located in suburban Munroe Falls 9.8 km north of Akron and has a population density 
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Figure 72.  Population density (2000-2011) per square mile in Summit County with 
darker colors indicating denser population (Summit County Census, Ohio, 2015).  Air 
photographs of the land cover surrounding each of the five Summit County waterways 
study sites (Google Earth). 
 
 
A. The Gorge Dam pool         3,530 ppl/mi2 
C. Summit Lake             4,418 ppl/mi2  
 
D. Rex Lake        1,096 ppl/mi2  
 
E. Munroe Falls Dam pool         1,862  ppl/mi2 
 
B. Silver Lake                                 1,593 ppl/mi2 
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of 1,862 people/mi2 (Summit County Census, Ohio, 2015) (Figure 72).  The moderate 
lead concentrations (100-170 µg/g) are a result of its close proximity to residential 
surroundings and a 1913 flood deposit from the city of Kent, Ohio (Peck et al., 2007).  
Silver Lake is located 10 km north of Akron in Silver Lake and has a population density 
of 1,593 people/mi2 (Summit County Census, Ohio, 2015) (Figure 72).  The moderate 
lead concentrations (95-210 µg/g) are a result of residential housing and a large 
amusement park located at the lake between 1870-1917 (Shaw, 2013) (Figure 71).  Rex 
Lake is located in a rural setting 18 km south of Akron in the city of New Franklin.  In 
the area the population density is the lowest among the five study sites at 1,096 people/
mi2 (Summit County Census, Ohio, 2015). The limited anthropogenic activity results in 
the lowest lead concentration (95-113 µg/g) of the five sites (Figures 71 and 72).  
The amount and type of human activity in an area is a key control on the level of trace 
metals in lake sediment.  The waterways located next to urban and industrial areas had 
higher trace metal concentrations than areas in a more rural setting.  Rex Lake, located in 
a rural area, had the lowest Pb concentration of the five waterways.  Rex Lake also had 
a later onset of pollution than the other sites.  Because Rex Lake is located farther away 
from Akron, it was established as a popular recreation place at a later date.  The lower Pb 
concentration at Rex Lake is also attributed to different type of activities that occurred 
around the lake.  Trace metal concentrations can be correlated to traffic volume and/
or population density in an area (Chen et al., 1997).  Very large amusement parks were 
the main attractions at Summit and Silver Lakes and drew large crowds and associated 
pollution during their operation (Haney, 2004; Shaw, 2013).  Whereas, the recreational 
attractions located at Rex Lake were smaller in scale.
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4.6 Magnetics as a Pollution Proxy
Trace metals and magnetic particle concentration are influenced by the type and 
amount of anthropogenic impacts to an area (Chen et al., 1997).  This study shows how 
magnetic parameters can be a quick and efficient way to assess the pollution history of 
Rex Lake.  Whole core magnetic susceptibility profiles show the same general trend as 
the trace metal profiles with elevated values between about 20-70 cmblf (Figure 42).  
The magnetic susceptibility and trace metal relationship is best displayed by Cr and Zn 
where higher concentrations of metals correspond to high magnetic susceptibility (Figure 
73).  However, Pb and Cu show no relationship (Figure 73).  The lack of a relationship 
may result from using volumetric magnetic susceptibility which is greatly influenced 
by sediment packing.  Possibly a better relationship would result if mass specific 
susceptibility were used.
Downcore metal profiles can be influenced by many factors. Metals have the tendency 
to adsorb to clay-sized sediment because clays exhibit large surface area and have an 
electro-chemical attraction (Peng et al., 2009).  The sand content remains below 3% 
in the Rex Lake composite core.  However, there is downcore variation in trace metal 
concentration (Figure 43).  Thus, the variation in metal content is not a result of changing 
sediment grain size.  Metals also have the tendency to chelate to organic compounds.  
The highest organic content occurs at the bottom of the core and decreases in a two-step 
fashion towards the top of the core (Figure 43).  The highest concentration of metals is 
located towards the top of the core.  This mismatch in trace metals and organic content 
suggests that organic content is not controlling downcore metal variation.  Trace metals 
can also bind to iron sulfides.  In a sample extracted from 163 cm core depth, there was a 
platy grain containing sulfur and iron that may represent the mineral greigite.  Greigite is 
a product of reductive diagenesis processes in organic-rich sediments (Evans and Heller, 
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Figure 73.  Heavy metal content compared to whole core magnetic susceptibility 
from the central region of Rex Lake.  As the concentration of trace metals increases, 
magnetic susceptibility generally increases as well, which allows for K to be used as 
a proxy for trace metal content.
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2003).  The entire sediment core resembled reducing conditions based on its dark color.  
Only the top millimeters of sediment were oxic and light brown.  Therefore metals are 
likely to be bound to sulfides throughout the core, and the metal concentration varies 
within the core.
For all the reasons discussed above, grain size, organic content, and sulfide changes 
are unlikely to control the downcore metal concentration profiles.  Using the age duration 
and core lengths of the Environment Regulation, Recreation, and Settlement Periods, 
the sediment accumulation rate (SAR) (cm/yr) was determined for each period.  The 
DBD of each sample analyzed for metals was multiplied by SAR to calculate a mass 
accumulation rate (MAR) (g/cm2*yr).  Trace metal flux was determined by multiplying 
each trace metal concentration value by its specific MAR.  The close similarity between 
the trace metal concentration and the trace metal flux curves further suggests that the 
trace metal concentration profiles record human pollution inputs to Rex Lake (Figure 74). 
Lead concentration values are lower than PEC values but above TEC values in Rex Lake 
sediment from the Recreation Period to today.  In one to two decades, it is projected that 
Pb concentration may attain background values due to the effectiveness of the Clean Air 
(1970) and Clean Water (1972) Acts and the decrease in industrial activity.
The Rex Lake trace metals have different profile shapes because trace metals come 
from different sources.  There is a major decline in all profiles towards the top of the 
core (Figure 74).  The metal concentrations of Cr, Cu, and Zn peak at 38.5 cm core 
depth.  Above 38.5 cm these metals decline in concentration but then remain nearly 
constant above 19.5 cm.  Pb displays a different profile shape than Cr, Cu, and Zn.  The 
peak concentration of Pb occurs at 26.5 cm.  Above 26.5 cm Pb concentration steadily 
decreases towards the core top.  As described in the previous paragraph, the metal profiles 
are controlled by the flux of trace metals to Rex Lake and not by sediment variations 
(Figure 74).  Sources of pollution change through time and account for the different 
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metal profile shapes.  Lead additives were used in gasoline from the 1920’s until 1986 
(Filippelli et al., 2005).  Pb-based paints were used from the late 19th century until 
the 1950’s when the use of such paint was greatly diminished (Filippelli et al., 2005).  
Chromium is used to make matches, protective and decorative paint for cars and boats, as 
well as in the manufacturing of stainless steel (Barnhart, 1997; Vitale et al., 1997).  Zinc 
is used as a wood preservative, in fire retardants, galvanizing of metals, and is produced 
in the manufacturing of rubber (Callender and Rice, 2000; Amadeh, et al., 2002; Smol, 
2002).  Copper is used for wiring (e.g., motor-vehicle tire wire), pipes, and in antifouling 
paints applied to boat bottoms (Smol, 2002; Katranitsas et al., 2003).  The constant 
concentration of Cr, Cu, and Zn in the upper 19.5 cm may reflect that some of these metal 
sources still contribute pollution to the lake.  For example, antifouling boat paints may 
still be contributing Cu to the lake and could account for Cu concentrations remaining at 
3 times background levels.  However, Pb shows an overall decline in concentration above 
26.5 cm.  This decline is due to the effectiveness of the Clean Air (1970) and Water Acts 
(1972) which eliminated the use of Pb in gasoline and paints.  Because Pb and Cu mainly 
come from different sources it is possible that Pb concentrations may continue to decline 
in the future whereas, Cu may stay constant.
By analyzing lake sediment using both magnetic susceptibility and geochemistry, 
a lake’s environmental history can be obtained.  According to Evans and Heller (2003) 
pollution sources often produce highly magnetic particles making this combined approach 
useful in lake studies.  The magnetic measurements are quick and non-destructive to the 
sample and thus are a worthwhile addition to geochemical techniques.
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CHAPTER V
CONCLUSIONS
• Sediment focusing processes in Rex Lake, Ohio allow for the accumulation 
of mud having high porosity (> 70%) and organic content (>13%), and low dry bulk 
density (< 0.4 g/cc) in water deeper than 2 m.  The observed change in surface sediment 
accumulation agrees with the calculated wave base of 2 m water depth.
• Seismic acoustic energy is able to penetrate the sub-bottom in the southern 
and northern regions of Rex Lake where sediment organic content is low.  Moderate-
amplitude sub-bottom reflectors may be related to downcore changes to denser carbonate 
lithology.
• Gravel to sand-sized sediment is characterized as having high lakefloor reflection 
amplitude, coefficient of reflection, and P-wave velocity.  Organic-rich mud sediment is 
characterized as having low lakefloor reflection amplitude, coefficient of reflection, and 
P-wave velocity.  However, calcareous mud has acoustic properties more similar to sand 
than mud due to differences in grain lithology and pore shape.  This study has shown that 
changing mud lithology complicates the use of lakefloor reflection amplitude as a means 
to remotely identify sediment grain size.
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• Downcore sediment properties record the past two centuries of human impacts 
to Rex Lake and its watershed.  These impacts include; sediment influx changes due to 
land clearance; pollution inputs during less-regulated time periods; and improvement in 
sediment quality following the enactment of environmental regulations.
• Trace metal concentration in lake sediment depends on the amount and type of 
human activity in an area.  In Summit County, Ohio sediment trace metal concentration 
increases from rural to urban settings as the population in the local watershed increases.  
• Magnetic susceptibility was shown to be a quick, non-destructive proxy of trace 
metal pollution in Rex Lake sediment.  
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APPENDIX A
GRAIN SIZE DATA FOR SURFICIAL SEDIMENT SAMPLES COLLECTED AT REX, 
TURKEYFOOT, AND MUD LAKES ON 7/20/14 AND 9/28/14
Using the method of Folk (1980) the grain size of thirteen representative surficial 
sediment samples were analyzed.  The rotap sieving method was used for the sand/gravel 
samples at half-phi increments.  Mud samples were measured using the pipette method.
150
Sa
m
pl
e 
ID
S1
7
In
iti
al
 w
t. 
(g
)
10
2.
73
0
%
 e
rr
or
0.
66
5
m
ф
p
h
i 
(ф
)
In
di
vi
du
al
 
w
ei
gh
t (
%
)
In
di
vi
du
al
 
w
ei
gh
t (
%
)
G
, S
, M
 
(%
)
C
um
m
ul
at
iv
e 
w
ei
gh
t (
%
)
fm
ф
m
ф
-x
(m
ф
-x
)2
f(
m
ф
-x
)2
(m
ф
-x
)3
f(
m
ф
-x
)3
-6
.2
5
-6
0.
00
0
0.
00
0
0.
00
0
0.
00
0
-5
.8
79
34
.5
65
0.
00
0
-2
03
.2
14
0.
00
0
-5
.7
5
-5
.5
0.
00
0
0.
00
0
0.
00
0
0.
00
0
-5
.3
79
28
.9
36
0.
00
0
-1
55
.6
51
0.
00
0
-5
.2
5
-5
0.
00
0
0.
00
0
0.
00
0
0.
00
0
-4
.8
79
23
.8
07
0.
00
0
-1
16
.1
57
0.
00
0
-4
.7
5
-4
.5
0.
00
0
0.
00
0
0.
00
0
0.
00
0
-4
.3
79
19
.1
77
0.
00
0
-8
3.
98
2
0.
00
0
-4
.2
5
-4
0.
00
0
0.
00
0
0.
00
0
0.
00
0
-3
.8
79
15
.0
48
0.
00
0
-5
8.
37
5
0.
00
0
-3
.6
75
-3
.3
5
8.
78
7
8.
61
1
36
.9
05
8.
61
1
-3
1.
64
4
-3
.3
04
10
.9
18
94
.0
10
-3
6.
07
4
-3
10
.6
27
-3
.1
75
-3
10
.9
34
10
.7
15
19
.3
25
-3
4.
01
9
-2
.8
04
7.
86
4
84
.2
55
-2
2.
05
1
-2
36
.2
68
-2
.8
-2
.6
2.
02
6
1.
98
5
21
.3
11
-5
.5
59
-2
.4
29
5.
90
1
11
.7
16
-1
4.
33
5
-2
8.
46
0
-2
.3
-2
6.
86
3
6.
72
5
28
.0
36
-1
5.
46
8
-1
.9
29
3.
72
2
25
.0
30
-7
.1
80
-4
8.
28
9
-1
.7
5
-1
.5
4.
32
1
4.
23
4
32
.2
70
-7
.4
10
-1
.3
79
1.
90
2
8.
05
4
-2
.6
23
-1
1.
10
9
-1
.2
5
-1
4.
72
9
4.
63
4
36
.9
05
-5
.7
93
-0
.8
79
0.
77
3
3.
58
2
-0
.6
80
-3
.1
49
-0
.7
5
-0
.5
3.
23
8
3.
17
3
40
.0
78
-2
.3
80
-0
.3
79
0.
14
4
0.
45
6
-0
.0
55
-0
.1
73
-0
.2
5
0
7.
53
3
7.
38
2
47
.4
60
-1
.8
45
0.
12
1
0.
01
5
0.
10
8
0.
00
2
0.
01
3
0.
25
0.
5
9.
32
5
9.
13
8
56
.5
97
2.
28
4
0.
62
1
0.
38
5
3.
52
2
0.
23
9
2.
18
6
0.
75
1
13
.1
26
12
.8
63
69
.4
60
9.
64
7
1.
12
1
1.
25
6
16
.1
58
1.
40
8
18
.1
10
1.
25
1.
5
13
.8
41
13
.5
63
83
.0
24
16
.9
54
1.
62
1
2.
62
7
35
.6
31
4.
25
8
57
.7
51
1.
75
2
8.
74
8
8.
57
3
61
.8
46
91
.5
96
15
.0
02
2.
12
1
4.
49
8
38
.5
57
9.
53
9
81
.7
73
2.
25
2.
5
4.
98
4
4.
88
4
96
.4
80
10
.9
89
2.
62
1
6.
86
9
33
.5
46
18
.0
01
87
.9
18
2.
75
3
1.
37
7
1.
34
9
97
.8
29
3.
71
1
3.
12
1
9.
73
9
13
.1
42
30
.3
95
41
.0
14
3.
25
3.
5
0.
63
9
0.
62
6
98
.4
56
2.
03
5
3.
62
1
13
.1
10
8.
20
9
47
.4
69
29
.7
25
3.
75
4
0.
30
1
0.
29
5
98
.7
51
1.
10
6
4.
12
1
16
.9
81
5.
00
9
69
.9
75
20
.6
40
4.
25
> 
4
1.
27
5
1.
24
9
1.
24
9
10
0.
00
0
5.
31
0
4.
62
1
21
.3
52
26
.6
77
98
.6
62
12
3.
27
1
TO
TA
L
10
2.
04
7
-3
7.
08
0
40
7.
66
4
-1
75
.6
74
m
ea
n ф
-0
.3
71
σ
ф
2.
01
9
S
K
ф
-1
.7
57
D
50
0.
13
9
151
Sa
m
pl
e 
ID
S2
1
In
iti
al
 w
t. 
(g
)
26
6.
65
0
%
 e
rr
or
0.
24
2
m
ф
p
h
i 
(ф
)
In
di
vi
du
al
 
w
ei
gh
t (
%
)
In
di
vi
du
al
 
w
ei
gh
t (
%
)
G
, S
, M
 
(%
)
C
um
m
ul
at
iv
e 
w
ei
gh
t (
%
)
fm
ф
m
ф
-x
(m
ф
-x
)2
f(
m
ф
-x
)2
(m
ф
-x
)3
f(
m
ф
-x
)3
-6
.2
5
-6
0.
00
0
0.
00
0
0.
00
0
0.
00
0
-6
.4
99
42
.2
36
0.
00
0
-2
74
.4
91
0.
00
0
-5
.7
5
-5
.5
0.
00
0
0.
00
0
0.
00
0
0.
00
0
-5
.9
99
35
.9
87
0.
00
0
-2
15
.8
86
0.
00
0
-5
.2
5
-5
0.
00
0
0.
00
0
0.
00
0
0.
00
0
-5
.4
99
30
.2
38
0.
00
0
-1
66
.2
79
0.
00
0
-4
.7
5
-4
.5
0.
00
0
0.
00
0
0.
00
0
0.
00
0
-4
.9
99
24
.9
89
0.
00
0
-1
24
.9
21
0.
00
0
-4
.2
5
-4
0.
00
0
0.
00
0
0.
00
0
0.
00
0
-4
.4
99
20
.2
41
0.
00
0
-9
1.
06
1
0.
00
0
-3
.6
75
-3
.3
5
0.
78
4
0.
29
5
18
.6
14
0.
29
5
-1
.0
83
-3
.9
24
15
.3
97
4.
53
8
-6
0.
41
8
-1
7.
80
7
-3
.1
75
-3
9.
29
3
3.
49
4
3.
78
8
-1
1.
09
2
-3
.4
24
11
.7
23
40
.9
56
-4
0.
14
0
-1
40
.2
32
-2
.8
-2
.6
9.
90
6
3.
72
4
7.
51
2
-1
0.
42
7
-3
.0
49
9.
29
6
34
.6
19
-2
8.
34
3
-1
05
.5
50
-2
.3
-2
8.
94
0
3.
36
1
10
.8
73
-7
.7
30
-2
.5
49
6.
49
7
21
.8
36
-1
6.
56
1
-5
5.
65
8
-1
.7
5
-1
.5
9.
51
5
3.
57
7
14
.4
50
-6
.2
60
-1
.9
99
3.
99
6
14
.2
93
-7
.9
87
-2
8.
57
1
-1
.2
5
-1
11
.0
75
4.
16
3
18
.6
14
-5
.2
04
-1
.4
99
2.
24
7
9.
35
5
-3
.3
68
-1
4.
02
2
-0
.7
5
-0
.5
14
.3
12
5.
38
0
23
.9
94
-4
.0
35
-0
.9
99
0.
99
8
5.
36
9
-0
.9
97
-5
.3
63
-0
.2
5
0
24
.2
07
9.
10
0
33
.0
94
-2
.2
75
-0
.4
99
0.
24
9
2.
26
5
-0
.1
24
-1
.1
30
0.
25
0.
5
38
.5
21
14
.4
81
47
.5
76
3.
62
0
0.
00
1
0.
00
0
0.
00
0
0.
00
0
0.
00
0
0.
75
1
51
.2
79
19
.2
78
66
.8
53
14
.4
58
0.
50
1
0.
25
1
4.
84
0
0.
12
6
2.
42
5
1.
25
1.
5
47
.2
95
17
.7
80
84
.6
33
22
.2
25
1.
00
1
1.
00
2
17
.8
17
1.
00
3
17
.8
36
1.
75
2
25
.6
16
9.
63
0
80
.5
97
94
.2
63
16
.8
52
1.
50
1
2.
25
3
21
.6
98
3.
38
2
32
.5
70
2.
25
2.
5
8.
58
5
3.
22
7
97
.4
90
7.
26
2
2.
00
1
4.
00
4
12
.9
23
8.
01
3
25
.8
60
2.
75
3
2.
72
2
1.
02
3
98
.5
14
2.
81
4
2.
50
1
6.
25
5
6.
40
1
15
.6
45
16
.0
09
3.
25
3.
5
1.
05
8
0.
39
8
98
.9
11
1.
29
3
3.
00
1
9.
00
6
3.
58
2
27
.0
28
10
.7
50
3.
75
4
0.
79
6
0.
29
9
99
.2
11
1.
12
2
3.
50
1
12
.2
57
3.
66
8
42
.9
14
12
.8
42
4.
25
> 
4
2.
10
0
0.
78
9
0.
78
9
10
0.
00
0
3.
35
5
4.
00
1
16
.0
08
12
.6
38
64
.0
51
50
.5
66
TO
TA
L
26
6.
00
4
24
.8
95
21
6.
79
8
-1
99
.4
78
m
ea
n ф
0.
24
9
σ
ф
1.
47
2
S
K
ф
-1
.9
95
D
50
0.
56
3
152
Sa
m
pl
e 
ID
S1
2
In
iti
al
 w
t. 
(g
)
34
8.
40
0
%
 e
rr
or
0.
42
4
m
ф
p
h
i 
(ф
)
In
di
vi
du
al
 
w
ei
gh
t (
%
)
In
di
vi
du
al
 
w
ei
gh
t (
%
)
G
, S
, M
 
(%
)
C
um
m
ul
at
iv
e 
w
ei
gh
t (
%
)
fm
ф
m
ф
-x
(m
ф
-x
)2
f(
m
ф
-x
)2
(m
ф
-x
)3
f(
m
ф
-x
)3
-6
.2
5
-6
0.
00
0
0.
00
0
0.
00
0
0.
00
0
-4
.9
03
24
.0
35
0.
00
0
-1
17
.8
32
0.
00
0
-5
.7
5
-5
.5
0.
00
0
0.
00
0
0.
00
0
0.
00
0
-4
.4
03
19
.3
82
0.
00
0
-8
5.
33
1
0.
00
0
-5
.2
5
-5
0.
00
0
0.
00
0
0.
00
0
0.
00
0
-3
.9
03
15
.2
30
0.
00
0
-5
9.
43
5
0.
00
0
-4
.7
5
-4
.5
0.
00
0
0.
00
0
0.
00
0
0.
00
0
-3
.4
03
11
.5
77
0.
00
0
-3
9.
39
2
0.
00
0
-4
.2
5
-4
0.
00
0
0.
00
0
0.
00
0
0.
00
0
-2
.9
03
8.
42
5
0.
00
0
-2
4.
45
3
0.
00
0
-3
.6
75
-3
.3
5
32
.4
75
9.
36
1
62
.6
24
9.
36
1
-3
4.
40
1
-2
.3
28
5.
41
7
50
.7
12
-1
2.
60
9
-1
18
.0
33
-3
.1
75
-3
64
.8
61
18
.6
96
28
.0
57
-5
9.
36
0
-1
.8
28
3.
34
0
62
.4
43
-6
.1
04
-1
14
.1
16
-2
.8
-2
.6
31
.8
19
9.
17
2
37
.2
29
-2
5.
68
1
-1
.4
53
2.
11
0
19
.3
51
-3
.0
65
-2
8.
10
8
-2
.3
-2
46
.2
65
13
.3
36
50
.5
64
-3
0.
67
2
-0
.9
53
0.
90
7
12
.1
00
-0
.8
64
-1
1.
52
6
-1
.7
5
-1
.5
22
.9
01
6.
60
1
57
.1
66
-1
1.
55
2
-0
.4
03
0.
16
2
1.
07
0
-0
.0
65
-0
.4
31
-1
.2
5
-1
18
.9
36
5.
45
8
62
.6
24
-6
.8
23
0.
09
7
0.
00
9
0.
05
2
0.
00
1
0.
00
5
-0
.7
5
-0
.5
16
.0
30
4.
62
1
67
.2
44
-3
.4
65
0.
59
7
0.
35
7
1.
64
9
0.
21
3
0.
98
5
-0
.2
5
0
19
.3
73
5.
58
4
72
.8
29
-1
.3
96
1.
09
7
1.
20
4
6.
72
6
1.
32
2
7.
38
1
0.
25
0.
5
18
.6
45
5.
37
4
78
.2
03
1.
34
4
1.
59
7
2.
55
2
13
.7
15
4.
07
7
21
.9
09
0.
75
1
18
.8
75
5.
44
1
83
.6
44
4.
08
1
2.
09
7
4.
39
9
23
.9
35
9.
22
7
50
.2
04
1.
25
1.
5
19
.9
99
5.
76
5
89
.4
08
7.
20
6
2.
59
7
6.
74
7
38
.8
93
17
.5
25
10
1.
02
3
1.
75
2
16
.9
83
4.
89
5
35
.6
71
94
.3
04
8.
56
7
3.
09
7
9.
59
4
46
.9
67
29
.7
18
14
5.
47
8
2.
25
2.
5
9.
06
6
2.
61
3
96
.9
17
5.
88
0
3.
59
7
12
.9
42
33
.8
20
46
.5
57
12
1.
66
6
2.
75
3
2.
29
9
0.
66
3
97
.5
80
1.
82
2
4.
09
7
16
.7
89
11
.1
26
68
.7
93
45
.5
88
3.
25
3.
5
1.
55
3
0.
44
8
98
.0
27
1.
45
5
4.
59
7
21
.1
37
9.
46
2
97
.1
75
43
.5
00
3.
75
4
0.
92
8
0.
26
7
98
.2
95
1.
00
3
5.
09
7
25
.9
84
6.
95
1
13
2.
45
3
35
.4
30
4.
25
> 
4
5.
91
6
1.
70
5
1.
70
5
10
0.
00
0
7.
24
7
5.
59
7
31
.3
32
53
.4
29
17
5.
37
7
29
9.
06
6
TO
TA
L
34
6.
92
4
-1
34
.7
46
39
2.
40
0
60
0.
02
2
m
ea
n ф
-1
.3
47
σ
ф
1.
98
1
S
K
ф
6.
00
0
D
50
-4
.5
15
153
Sa
m
pl
e 
ID
S1
8
In
iti
al
 w
t. 
(g
)
13
.7
74
%
 e
rr
or
0.
00
0
m
ф
p
h
i 
(ф
)
In
di
vi
du
al
 
w
ei
gh
t (
g)
In
di
vi
du
al
 
w
ei
gh
t (
%
)
S,
 M
 
(%
)
C
um
m
ul
at
iv
e 
w
ei
gh
t (
%
)
fm
ф
m
ф
-x
(m
ф
-x
)2
f(
m
ф
-x
)2
(m
ф
-x
)3
f(
m
ф
-x
)3
3.
5
4
0.
26
0
1.
89
1
1.
89
1
1.
89
1
6.
61
7
-2
.9
42
8.
65
6
16
.3
64
-2
5.
46
5
-4
8.
14
2
4.
5
5
3.
74
4
27
.1
79
29
.0
69
12
2.
30
4
-1
.9
42
3.
77
2
10
2.
50
5
-7
.3
24
-1
99
.0
68
5.
5
6
1.
80
0
13
.0
68
42
.1
37
71
.8
75
-0
.9
42
0.
88
7
11
.5
97
-0
.8
36
-1
0.
92
5
6.
5
7
3.
40
0
24
.6
84
66
.8
22
16
0.
44
7
0.
05
8
0.
00
3
0.
08
3
0.
00
0
0.
00
5
7.
5
8
2.
00
0
14
.5
20
81
.3
42
10
8.
90
1
1.
05
8
1.
11
9
16
.2
52
1.
18
4
17
.1
94
8.
5
9
1.
15
0
8.
34
9
98
.1
09
89
.6
91
70
.9
67
2.
05
8
4.
23
5
35
.3
60
8.
71
6
72
.7
70
10
<9
1.
42
0
10
.3
09
10
0.
00
0
10
3.
09
3
3.
55
8
12
.6
59
13
0.
50
6
45
.0
41
46
4.
33
7
TO
TA
L
13
.7
74
64
4.
20
4
31
2.
66
7
29
6.
17
1
m
ea
n ф
6.
44
2
σ
ф
1.
76
8
S
K
ф
2.
96
2
D
50
6.
31
9
154
Sa
m
pl
e 
ID
S3
1
In
iti
al
 w
t. 
(g
)
13
.8
27
%
 e
rr
or
0.
00
0
m
ф
p
h
i 
(ф
)
In
di
vi
du
al
 
w
ei
gh
t (
g)
In
di
vi
du
al
 
w
ei
gh
t (
%
)
S,
 M
 
(%
)
C
um
m
ul
at
iv
e 
w
ei
gh
t (
%
)
fm
ф
m
ф
-x
(m
ф
-x
)2
f(
m
ф
-x
)2
(m
ф
-x
)3
f(
m
ф
-x
)3
3.
5
4
0.
31
4
2.
27
4
2.
27
4
2.
27
4
7.
95
8
-2
.2
29
4.
96
9
11
.2
99
-1
1.
07
7
-2
5.
18
7
4.
5
5
6.
19
3
44
.7
86
47
.0
60
20
1.
53
8
-1
.2
29
1.
51
1
67
.6
65
-1
.8
57
-8
3.
17
1
5.
5
6
2.
75
0
19
.8
89
66
.9
49
10
9.
38
7
-0
.2
29
0.
05
3
1.
04
4
-0
.0
12
-0
.2
39
6.
5
7
1.
90
0
13
.7
41
80
.6
90
89
.3
18
0.
77
1
0.
59
4
8.
16
5
0.
45
8
6.
29
4
7.
5
8
1.
15
0
8.
31
7
89
.0
07
62
.3
78
1.
77
1
3.
13
6
26
.0
81
5.
55
3
46
.1
86
8.
5
9
0.
70
0
5.
06
3
97
.7
26
94
.0
70
43
.0
32
2.
77
1
7.
67
8
38
.8
68
21
.2
73
10
7.
69
7
10
<9
0.
82
0
5.
93
0
10
0.
00
0
59
.3
04
4.
27
1
18
.2
40
10
8.
17
1
77
.9
00
46
1.
98
3
TO
TA
L
13
.8
27
57
2.
91
6
26
1.
29
4
51
3.
56
2
m
ea
n ф
5.
72
9
σ
ф
1.
61
6
S
K
ф
5.
13
6
D
50
5.
14
8
155
Sa
m
pl
e 
ID
S1
1
In
iti
al
 w
t. 
(g
)
15
.0
68
%
 e
rr
or
0.
00
0
m
ф
p
h
i 
(ф
)
In
di
vi
du
al
 
w
ei
gh
t (
g)
In
di
vi
du
al
 
w
ei
gh
t (
%
)
S,
 M
 
(%
)
C
um
m
ul
at
iv
e 
w
ei
gh
t (
%
)
fm
ф
m
ф
-x
(m
ф
-x
)2
f(
m
ф
-x
)2
(m
ф
-x
)3
f(
m
ф
-x
)3
3.
5
4
0.
55
8
3.
70
6
3.
70
6
3.
70
6
12
.9
71
-2
.6
81
7.
18
7
26
.6
33
-1
9.
26
7
-7
1.
39
9
4.
5
5
4.
74
0
31
.4
55
35
.1
61
14
1.
54
6
-1
.6
81
2.
82
5
88
.8
65
-4
.7
49
-1
49
.3
65
5.
5
6
2.
45
0
16
.2
60
51
.4
20
89
.4
28
-0
.6
81
0.
46
4
7.
53
7
-0
.3
16
-5
.1
31
6.
5
7
3.
15
0
20
.9
05
72
.3
25
13
5.
88
4
0.
31
9
0.
10
2
2.
13
0
0.
03
3
0.
68
0
7.
5
8
1.
75
0
11
.6
14
83
.9
39
87
.1
05
1.
31
9
1.
74
0
20
.2
11
2.
29
6
26
.6
62
8.
5
9
0.
95
0
6.
30
5
96
.2
94
90
.2
44
53
.5
90
2.
31
9
5.
37
9
33
.9
11
12
.4
74
78
.6
45
10
<9
1.
47
0
9.
75
6
10
0.
00
0
97
.5
58
3.
81
9
14
.5
86
14
2.
29
9
55
.7
07
54
3.
46
6
TO
TA
L
15
.0
68
61
8.
08
2
32
1.
58
5
42
3.
55
7
m
ea
n ф
6.
18
1
σ
ф
1.
79
3
S
K
ф
4.
23
6
D
50
5.
91
3
156
Sa
m
pl
e 
ID
S2
0
In
iti
al
 w
t. 
(g
)
15
.0
97
%
 e
rr
or
-0
.0
03
m
ф
p
h
i 
(ф
)
In
di
vi
du
al
 
w
ei
gh
t (
g)
In
di
vi
du
al
 
w
ei
gh
t (
%
)
S,
 M
 
(%
)
C
um
m
ul
at
iv
e 
w
ei
gh
t (
%
)
fm
ф
m
ф
-x
(m
ф
-x
)2
f(
m
ф
-x
)2
(m
ф
-x
)3
f(
m
ф
-x
)3
3.
5
4
1.
20
5
7.
98
4
7.
98
4
7.
98
4
27
.9
45
-3
.0
16
9.
09
4
72
.6
04
-2
7.
42
2
-2
18
.9
42
4.
5
5
2.
77
2
18
.3
61
26
.3
45
82
.6
23
-2
.0
16
4.
06
2
74
.5
90
-8
.1
88
-1
50
.3
40
5.
5
6
2.
60
0
17
.2
22
43
.5
66
94
.7
18
-1
.0
16
1.
03
1
17
.7
61
-1
.0
47
-1
8.
03
8
6.
5
7
2.
85
0
18
.8
77
62
.4
44
12
2.
70
3
-0
.0
16
0.
00
0
0.
00
5
0.
00
0
0.
00
0
7.
5
8
2.
30
0
15
.2
34
77
.6
78
11
4.
25
8
0.
98
4
0.
96
9
14
.7
64
0.
95
4
14
.5
35
8.
5
9
1.
40
0
9.
27
3
92
.0
16
86
.9
51
78
.8
22
1.
98
4
3.
93
8
36
.5
18
7.
81
5
72
.4
68
10
<9
1.
97
0
13
.0
49
10
0.
00
0
13
0.
48
6
3.
48
4
12
.1
41
15
8.
42
8
42
.3
06
55
2.
03
4
TO
TA
L
15
.0
97
65
1.
55
5
37
4.
67
0
25
1.
71
7
m
ea
n ф
6.
51
6
σ
ф
1.
93
6
S
K
ф
2.
51
7
D
50
6.
34
1
157
Sa
m
pl
e 
ID
S3
In
iti
al
 w
t. 
(g
)
15
.1
62
%
 e
rr
or
0.
00
0
m
ф
p
h
i 
(ф
)
In
di
vi
du
al
 
w
ei
gh
t (
g)
In
di
vi
du
al
 
w
ei
gh
t (
%
)
S,
 M
 
(%
)
C
um
m
ul
at
iv
e 
w
ei
gh
t (
%
)
fm
ф
m
ф
-x
(m
ф
-x
)2
f(
m
ф
-x
)2
(m
ф
-x
)3
f(
m
ф
-x
)3
3.
5
4
5.
79
7
38
.2
36
38
.2
36
38
.2
36
13
3.
82
7
-1
.9
14
3.
66
5
14
0.
11
9
-7
.0
15
-2
68
.2
29
4.
5
5
2.
34
5
15
.4
64
53
.7
00
69
.5
86
-0
.9
14
0.
83
6
12
.9
27
-0
.7
64
-1
1.
81
9
5.
5
6
2.
10
0
13
.8
50
67
.5
50
76
.1
77
0.
08
6
0.
00
7
0.
10
2
0.
00
1
0.
00
9
6.
5
7
1.
75
0
11
.5
42
79
.0
92
75
.0
23
1.
08
6
1.
17
9
13
.6
05
1.
28
0
14
.7
71
7.
5
8
0.
75
0
4.
94
7
84
.0
39
37
.0
99
2.
08
6
4.
35
0
21
.5
18
9.
07
3
44
.8
81
8.
5
9
1.
00
0
6.
59
5
61
.7
64
90
.6
34
56
.0
61
3.
08
6
9.
52
2
62
.7
99
29
.3
81
19
3.
77
8
10
<9
1.
42
0
9.
36
6
10
0.
00
0
93
.6
55
4.
58
6
21
.0
29
19
6.
94
4
96
.4
31
90
3.
12
8
TO
TA
L
15
.1
62
54
1.
43
0
44
8.
01
4
87
6.
51
8
m
ea
n ф
5.
41
4
σ
ф
2.
11
7
S
K
ф
8.
76
5
D
50
4.
76
1
158
Sa
m
pl
e 
ID
S3
2
In
iti
al
 w
t. 
(g
)
15
.1
82
%
 e
rr
or
0.
00
0
m
ф
p
h
i 
(ф
)
In
di
vi
du
al
 
w
ei
gh
t (
g)
In
di
vi
du
al
 
w
ei
gh
t (
%
)
S,
 M
 
(%
)
C
um
m
ul
at
iv
e 
w
ei
gh
t (
%
)
fm
ф
m
ф
-x
(m
ф
-x
)2
f(
m
ф
-x
)2
(m
ф
-x
)3
f(
m
ф
-x
)3
3.
5
4
1.
84
3
12
.1
38
12
.1
38
12
.1
38
42
.4
83
-1
.8
82
3.
54
2
42
.9
97
-6
.6
67
-8
0.
92
5
4.
5
5
7.
81
9
51
.5
03
63
.6
41
23
1.
76
4
-0
.8
82
0.
77
8
40
.0
76
-0
.6
86
-3
5.
35
1
5.
5
6
1.
55
0
10
.2
09
73
.8
51
56
.1
52
0.
11
8
0.
01
4
0.
14
2
0.
00
2
0.
01
7
6.
5
7
0.
90
0
5.
92
8
79
.7
79
38
.5
32
1.
11
8
1.
25
0
7.
40
8
1.
39
7
8.
28
2
7.
5
8
1.
40
0
9.
22
1
89
.0
00
69
.1
61
2.
11
8
4.
48
5
41
.3
62
9.
50
0
87
.6
01
8.
5
9
1.
00
0
6.
58
7
87
.8
62
95
.5
87
55
.9
87
3.
11
8
9.
72
1
64
.0
31
30
.3
10
19
9.
64
3
10
<9
0.
67
0
4.
41
3
10
0.
00
0
44
.1
31
4.
61
8
21
.3
25
94
.1
09
98
.4
76
43
4.
58
7
TO
TA
L
15
.1
82
53
8.
21
1
29
0.
12
6
61
3.
85
2
m
ea
n ф
5.
38
2
σ
ф
1.
70
3
S
K
ф
6.
13
9
D
50
4.
73
5
159
Sa
m
pl
e 
ID
S2
6
In
iti
al
 w
t. 
(g
)
37
9.
50
0
%
 e
rr
or
0.
32
4
m
ф
p
h
i 
(ф
)
In
di
vi
du
al
 
w
ei
gh
t (
%
)
In
di
vi
du
al
 
w
ei
gh
t (
%
)
G
, S
, M
 
(%
)
C
um
m
ul
at
iv
e 
w
ei
gh
t (
%
)
fm
ф
m
ф
-x
(m
ф
-x
)2
f(
m
ф
-x
)2
(m
ф
-x
)3
f(
m
ф
-x
)3
-6
.2
5
-6
0.
00
0
0.
00
0
0.
00
0
0.
00
0
-3
.9
54
15
.6
36
0.
00
0
-6
1.
83
1
0.
00
0
-5
.7
5
-5
.5
0.
00
0
0.
00
0
0.
00
0
0.
00
0
-3
.4
54
11
.9
32
0.
00
0
-4
1.
21
7
0.
00
0
-5
.2
5
-5
0.
00
0
0.
00
0
0.
00
0
0.
00
0
-2
.9
54
8.
72
8
0.
00
0
-2
5.
78
5
0.
00
0
-4
.7
5
-4
.5
29
.4
65
7.
78
9
7.
78
9
-3
7.
00
0
-2
.4
54
6.
02
4
46
.9
20
-1
4.
78
4
-1
15
.1
56
-4
.2
5
-4
51
.0
73
13
.5
02
21
.2
91
-5
7.
38
2
-1
.9
54
3.
81
9
51
.5
67
-7
.4
64
-1
00
.7
77
-3
.6
75
-3
.3
5
90
.7
73
23
.9
97
75
.6
08
45
.2
88
-8
8.
18
8
-1
.3
79
1.
90
2
45
.6
53
-2
.6
24
-6
2.
96
9
-3
.1
75
-3
53
.6
65
14
.1
87
59
.4
75
-4
5.
04
3
-0
.8
79
0.
77
3
10
.9
69
-0
.6
80
-9
.6
45
-2
.8
-2
.6
17
.0
09
4.
49
7
63
.9
71
-1
2.
59
0
-0
.5
04
0.
25
4
1.
14
4
-0
.1
28
-0
.5
77
-2
.3
-2
22
.0
06
5.
81
8
69
.7
89
-1
3.
38
0
-0
.0
04
0.
00
0
0.
00
0
0.
00
0
0.
00
0
-1
.7
5
-1
.5
12
.8
14
3.
38
8
73
.1
76
-5
.9
28
0.
54
6
0.
29
8
1.
00
9
0.
16
3
0.
55
0
-1
.2
5
-1
9.
20
0
2.
43
2
75
.6
08
-3
.0
40
1.
04
6
1.
09
3
2.
65
9
1.
14
3
2.
78
1
-0
.7
5
-0
.5
7.
96
3
2.
10
5
77
.7
14
-1
.5
79
1.
54
6
2.
38
9
5.
02
9
3.
69
3
7.
77
4
-0
.2
5
0
7.
62
4
2.
01
5
79
.7
29
-0
.5
04
2.
04
6
4.
18
5
8.
43
5
8.
56
1
17
.2
55
0.
25
0.
5
8.
90
1
2.
35
3
82
.0
82
0.
58
8
2.
54
6
6.
48
1
15
.2
49
16
.4
98
38
.8
20
0.
75
1
12
.7
77
3.
37
8
85
.4
60
2.
53
3
3.
04
6
9.
27
6
31
.3
33
28
.2
53
95
.4
31
1.
25
1.
5
16
.2
55
4.
29
7
89
.7
57
5.
37
1
3.
54
6
12
.5
72
54
.0
24
44
.5
77
19
1.
55
4
1.
75
2
14
.6
31
3.
86
8
23
.1
18
93
.6
25
6.
76
9
4.
04
6
16
.3
68
63
.3
08
66
.2
19
25
6.
12
5
2.
25
2.
5
8.
31
7
2.
19
9
95
.8
24
4.
94
7
4.
54
6
20
.6
63
45
.4
32
93
.9
30
20
6.
52
2
2.
75
3
4.
00
0
1.
05
7
96
.8
81
2.
90
8
5.
04
6
25
.4
59
26
.9
22
12
8.
45
9
13
5.
83
8
3.
25
3.
5
2.
91
0
0.
76
9
97
.6
50
2.
50
0
5.
54
6
30
.7
55
23
.6
59
17
0.
55
7
13
1.
20
8
3.
75
4
4.
07
0
1.
07
6
98
.7
26
4.
03
5
6.
04
6
36
.5
51
39
.3
26
22
0.
97
3
23
7.
75
6
4.
25
> 
4
4.
81
8
1.
27
4
1.
27
4
10
0.
00
0
5.
41
3
6.
54
6
42
.8
46
54
.5
73
28
0.
45
8
35
7.
21
7
TO
TA
L
37
8.
27
1
-2
29
.5
70
52
7.
21
2
13
89
.7
07
m
ea
n ф
-2
.2
96
σ
ф
2.
29
6
S
K
ф
13
.8
97
D
50
-3
.2
34
160
Sa
m
pl
e 
ID
S2
2
In
iti
al
 w
t. 
(g
)
15
.1
86
%
 e
rr
or
0.
00
0
m
ф
p
h
i 
(ф
)
In
di
vi
du
al
 
w
ei
gh
t (
g)
In
di
vi
du
al
 
w
ei
gh
t (
%
)
S,
 M
 
(%
)
C
um
m
ul
at
iv
e 
w
ei
gh
t (
%
)
fm
ф
m
ф
-x
(m
ф
-x
)2
f(
m
ф
-x
)2
(m
ф
-x
)3
f(
m
ф
-x
)3
3.
5
4
1.
66
8
10
.9
86
10
.9
86
10
.9
86
38
.4
53
-2
.2
06
4.
86
7
53
.4
72
-1
0.
73
8
-1
17
.9
67
4.
5
5
6.
79
8
44
.7
62
55
.7
49
20
1.
43
0
-1
.2
06
1.
45
5
65
.1
20
-1
.7
55
-7
8.
54
5
5.
5
6
2.
10
0
13
.8
29
69
.5
77
76
.0
57
-0
.2
06
0.
04
2
0.
58
8
-0
.0
09
-0
.1
21
6.
5
7
1.
25
0
8.
23
1
77
.8
09
53
.5
03
0.
79
4
0.
63
0
5.
18
7
0.
50
0
4.
11
8
7.
5
8
1.
05
0
6.
91
4
84
.7
23
51
.8
57
1.
79
4
3.
21
8
22
.2
49
5.
77
2
39
.9
12
8.
5
9
0.
35
0
2.
30
5
89
.0
14
87
.0
28
19
.5
90
2.
79
4
7.
80
6
17
.9
90
21
.8
08
50
.2
61
10
<9
1.
97
0
12
.9
72
10
0.
00
0
12
9.
72
5
4.
29
4
18
.4
37
23
9.
17
5
79
.1
66
10
26
.9
83
TO
TA
L
15
.1
86
57
0.
61
5
40
3.
78
2
92
4.
64
1
m
ea
n ф
5.
70
6
σ
ф
2.
00
9
S
K
ф
9.
24
6
D
50
4.
87
2
161
Sa
m
pl
e 
ID
S1
9
In
iti
al
 w
t. 
(g
)
20
0.
56
0
%
 e
rr
or
0.
22
3
m
ф
p
h
i 
(ф
)
In
di
vi
du
al
 
w
ei
gh
t (
%
)
In
di
vi
du
al
 
w
ei
gh
t (
%
)
G
, S
, M
 
(%
)
C
um
m
ul
at
iv
e 
w
ei
gh
t (
%
)
fm
ф
m
ф
-x
(m
ф
-x
)2
f(
m
ф
-x
)2
(m
ф
-x
)3
f(
m
ф
-x
)3
-6
.2
5
-6
0.
00
0
0.
00
0
0.
00
0
0.
00
0
-5
.2
99
28
.0
80
0.
00
0
-1
48
.7
96
0.
00
0
-5
.7
5
-5
.5
0.
00
0
0.
00
0
0.
00
0
0.
00
0
-4
.7
99
23
.0
31
0.
00
0
-1
10
.5
26
0.
00
0
-5
.2
5
-5
0.
00
0
0.
00
0
0.
00
0
0.
00
0
-4
.2
99
18
.4
82
0.
00
0
-7
9.
45
4
0.
00
0
-4
.7
5
-4
.5
0.
00
0
0.
00
0
0.
00
0
0.
00
0
-3
.7
99
14
.4
33
0.
00
0
-5
4.
83
0
0.
00
0
-4
.2
5
-4
0.
00
0
0.
00
0
0.
00
0
0.
00
0
-3
.2
99
10
.8
84
0.
00
0
-3
5.
90
6
0.
00
0
-3
.6
75
-3
.3
5
14
.0
35
7.
01
4
54
.3
10
7.
01
4
-2
5.
77
5
-2
.7
24
7.
42
0
52
.0
43
-2
0.
21
3
-1
41
.7
69
-3
.1
75
-3
31
.4
58
15
.7
20
22
.7
34
-4
9.
91
2
-2
.2
24
4.
94
6
77
.7
58
-1
1.
00
1
-1
72
.9
36
-2
.8
-2
.6
15
.5
42
7.
76
7
30
.5
00
-2
1.
74
7
-1
.8
49
3.
41
9
26
.5
54
-6
.3
22
-4
9.
09
9
-2
.3
-2
24
.9
86
12
.4
86
42
.9
86
-2
8.
71
8
-1
.3
49
1.
82
0
22
.7
23
-2
.4
55
-3
0.
65
5
-1
.7
5
-1
.5
12
.5
17
6.
25
5
49
.2
41
-1
0.
94
6
-0
.7
99
0.
63
8
3.
99
4
-0
.5
10
-3
.1
91
-1
.2
5
-1
10
.1
43
5.
06
9
54
.3
10
-6
.3
36
-0
.2
99
0.
08
9
0.
45
3
-0
.0
27
-0
.1
36
-0
.7
5
-0
.5
8.
43
1
4.
21
3
58
.5
23
-3
.1
60
0.
20
1
0.
04
0
0.
17
0
0.
00
8
0.
03
4
-0
.2
5
0
8.
70
2
4.
34
9
62
.8
72
-1
.0
87
0.
70
1
0.
49
1
2.
13
7
0.
34
4
1.
49
8
0.
25
0.
5
9.
67
0
4.
83
2
67
.7
04
1.
20
8
1.
20
1
1.
44
2
6.
97
0
1.
73
2
8.
37
0
0.
75
1
12
.8
42
6.
41
7
74
.1
21
4.
81
3
1.
70
1
2.
89
3
18
.5
67
4.
92
1
31
.5
82
1.
25
1.
5
17
.3
19
8.
65
5
82
.7
76
10
.8
18
2.
20
1
4.
84
4
41
.9
25
10
.6
62
92
.2
75
1.
75
2
20
.2
60
10
.1
24
45
.3
39
92
.9
00
17
.7
18
2.
70
1
7.
29
5
73
.8
59
19
.7
04
19
9.
49
0
2.
25
2.
5
9.
99
9
4.
99
7
97
.8
97
11
.2
43
3.
20
1
10
.2
46
51
.1
97
32
.7
97
16
3.
87
9
2.
75
3
2.
14
9
1.
07
4
98
.9
71
2.
95
3
3.
70
1
13
.6
97
14
.7
09
50
.6
92
54
.4
39
3.
25
3.
5
0.
81
2
0.
40
6
99
.3
77
1.
31
9
4.
20
1
17
.6
48
7.
16
1
74
.1
39
30
.0
84
3.
75
4
0.
54
4
0.
27
2
99
.6
49
1.
01
9
4.
70
1
22
.0
99
6.
00
8
10
3.
88
7
28
.2
41
4.
25
> 
4
0.
70
3
0.
35
1
0.
35
1
10
0.
00
0
1.
49
3
5.
20
1
27
.0
50
9.
50
3
14
0.
68
6
49
.4
23
TO
TA
L
20
0.
11
2
-9
5.
09
6
41
5.
73
0
26
1.
53
0
m
ea
n ф
-0
.9
51
σ
ф
2.
03
9
S
K
ф
2.
61
5
D
50
-1
.4
25
162
Sa
m
pl
e 
ID
S2
5
In
iti
al
 w
t. 
(g
)
15
.0
86
%
 e
rr
or
0.
00
0
m
ф
p
h
i 
(ф
)
In
di
vi
du
al
 
w
ei
gh
t (
g)
In
di
vi
du
al
 
w
ei
gh
t (
%
)
S,
 M
 
(%
)
C
um
m
ul
at
iv
e 
w
ei
gh
t (
%
)
fm
ф
m
ф
-x
(m
ф
-x
)2
f(
m
ф
-x
)2
(m
ф
-x
)3
f(
m
ф
-x
)3
3.
5
4
0.
26
6
1.
76
6
1.
76
6
1.
76
6
6.
18
1
-2
.8
56
8.
15
4
14
.4
00
-2
3.
28
6
-4
1.
12
0
4.
5
5
4.
95
0
32
.8
09
34
.5
75
14
7.
64
2
-1
.8
56
3.
44
3
11
2.
97
1
-6
.3
89
-2
09
.6
28
5.
5
6
2.
60
0
17
.2
35
51
.8
10
94
.7
90
-0
.8
56
0.
73
2
12
.6
17
-0
.6
26
-1
0.
79
5
6.
5
7
2.
15
0
14
.2
52
66
.0
61
92
.6
36
0.
14
4
0.
02
1
0.
29
7
0.
00
3
0.
04
3
7.
5
8
2.
00
0
13
.2
57
79
.3
19
99
.4
30
1.
14
4
1.
31
0
17
.3
62
1.
49
9
19
.8
70
8.
5
9
1.
20
0
7.
95
4
98
.2
34
87
.2
73
67
.6
12
2.
14
4
4.
59
8
36
.5
78
9.
86
1
78
.4
38
10
<9
1.
92
0
12
.7
27
10
0.
00
0
12
7.
27
0
3.
64
4
13
.2
82
16
9.
03
6
48
.4
04
61
6.
03
4
TO
TA
L
15
.0
86
63
5.
56
0
36
3.
26
0
45
2.
84
1
m
ea
n ф
6.
35
6
σ
ф
1.
90
6
S
K
ф
4.
52
8
D
50
5.
89
5
163
APPENDIX B
SEDIMENT CORE LOSS-ON-IGNTION AND MAGNETIC SUSCEPTIBILITY (K) 
DATA FROM THE SOUTHERN REGION AT REX LAKE, OHIO
Wet bulk density, dry bulk density, organic content, water content, carbonate content, 
and whole-core magnetic susceptibility (k) measurements were performed on cores 1, 2, 
3, and 4. 
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Core 
Depth 
Composite 
Core Depth 
Organic 
Content
Water 
Content
Wet Bulk 
Density
Dry Bulk 
Density
Carbonate 
Content
(cm) (cm) (%) (%) (g/cc) (g/cc) (%)
0.5 0.5 20.0 81.6 0.977 0.180 1.1
1.5 1.5 21.7 82.5 1.053 0.184 1.3
2.5 2.5 18.7 81.2 1.080 0.203 1.5
3.5 3.5 21.2 82.9 0.997 0.170 1.2
4.5 4.5 20.6 83.3 1.049 0.175 1.1
5.5 5.5 20.8 82.5 0.958 0.168 1.3
6.5 6.5 17.0 79.7 1.043 0.212 1.7
7.5 7.5 11.1 80.9 1.130 0.216 1.4
8.5 8.5 7.4 62.8 1.200 0.446 2.9
9.5 9.5 12.0 72.9 1.019 0.276 2.1
10.5 10.5 14.9 77.9 0.971 0.215 1.4
11.5 11.5 17.3 72.1 0.893 0.249 1.7
12.5 12.5 19.4 80.8 1.072 0.206 1.1
13.5 13.5 23.9 82.8 1.044 0.180 0.9
14.5 14.5 23.3 82.1 1.058 0.189 1.1
Table B-1.  Sediment loss-on-ignition results for core 1.
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Core 
Depth 
Composite 
Core Depth 
Organic 
Content
Water 
Content
Wet Bulk 
Density
Dry Bulk 
Density
Carbonate 
Content
(cm) (cm) (%) (%) (g/cc) (g/cc) (%)
0.5 0.5 19.9 80.8 0.997 0.191 1.2
1.5 1.5 18.7 81.2 0.996 0.187 1.1
2.5 2.5 20.1 82.9 0.990 0.169 0.9
3.5 3.5 19.3 81.6 0.985 0.181 1.2
4.5 4.5 22.8 75.7 0.993 0.241 1.5
5.5 5.5 14.0 76.3 1.025 0.243 1.6
6.5 6.5 14.6 76.3 1.012 0.240 1.7
7.5 7.5 16.9 80.5 1.000 0.195 1.5
8.5 8.5 14.4 76.9 0.992 0.229 1.6
9.5 9.5 15.7 78.1 0.992 0.217 1.2
10.5 10.5 14.6 76.3 1.040 0.246 1.5
11.5 11.5 18.2 79.9 1.010 0.203 0.9
12.5 12.5 20.1 80.1 0.950 0.189 1.0
13.5 13.5 19.4 81.5 0.973 0.180 1.1
14.5 14.5 19.1 80.7 1.006 0.194 1.0
Table B-2.  Sediment loss-on-ignition results for core 2.
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Core 
Depth 
Composite 
Core Depth 
Organic 
Content
Water 
Content
Dry Bulk 
Density
Wet Bulk 
Density
Carbonate 
Content
(cm) (cm) (%) (%) (g/cc) (g/cc) (%)
3.5 3.5 11.4 73.5 0.290 1.096 2.7
12.5 12.5 9.7 71.5 0.310 1.087 2.6
18.5 18.5 6.0 62.4 0.448 1.191 3.7
27.0 27.0 8.0 67.3 0.375 1.148 3.9
34.0 34.0 7.9 67.0 0.380 1.150 3.5
42.0 42.0 9.9 72.7 0.302 1.108 3.3
49.0 49.0 10.9 71.1 0.321 1.111 2.8
57.5 57.5 12.8 74.3 0.281 1.093 2.4
64.5 64.5 19.0 79.1 0.221 1.058 1.5
68.8 68.8 11.3 69.0 0.353 1.139 2.8
73.0 73.0 11.9 68.6 0.344 1.097 2.6
80.0 80.0 8.5 67.6 0.377 1.162 3.1
88.0 88.0 8.3 64.7 0.412 1.168 3.8
95.0 95.0 7.2 64.0 0.428 1.190 3.7
103.0 103.0 7.4 63.5 0.431 1.181 4.1
110.0 110.0 8.0 64.0 0.424 1.177 3.8
118.5 118.5 10.3 66.3 0.387 1.149 3.2
124.5 124.5 9.4 65.1 0.413 1.184 4.2
134.0 134.0 7.9 62.1 0.454 1.197 4.6
141.0 141.0 7.0 61.6 0.458 1.193 3.5
149.0 149.0 6.9 61.9 0.419 1.099 3.6
156.0 156.0 26.9 87.1 0.108 0.835 3.4
164.0 164.0 9.0 67.2 0.365 1.113 3.8
171.0 171.0 11.8 68.3 0.347 1.095 3.2
179.5 179.5 10.2 70.1 0.294 0.984 3.1
186.5 186.5 8.3 63.7 0.423 1.166 3.5
190.0 190.0 8.7 62.7 0.435 1.166 3.6
195.0 195.0 10.0 63.5 0.421 1.154 3.5
Table B-3.  Sediment loss-on-ignition results for core 3.
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Core 
Depth 
Composite 
Core Depth 
Organic 
Content
Water 
Content
Wet Bulk 
Density
Dry Bulk 
Density
Carbonate 
Content
(cm) (cm) (%) (%) (g/cc) (g/cc) (%)
0.5 0.5 23.4 84.6 0.942 0.145 0.6
1.5 1.5 22.0 83.7 0.977 0.159 0.8
2.5 2.5 21.3 83.0 0.966 0.164 0.9
3.5 3.5 23.6 84.7 0.914 0.140 0.7
4.5 4.5 22.9 84.0 0.979 0.157 0.9
5.5 5.5 23.4 84.9 0.963 0.145 0.9
6.5 6.5 23.7 85.2 0.938 0.139 0.7
7.5 7.5 24.4 84.3 0.993 0.156 0.8
8.5 8.5 22.9 86.2 0.947 0.131 0.8
9.5 9.5 23.5 84.1 0.960 0.153 0.8
10.5 10.5 23.1 85.0 0.979 0.147 0.7
11.5 11.5 24.6 86.3 0.975 0.134 0.7
12.5 12.5 25.5 85.1 0.917 0.137 0.8
13.5 13.5 25.8 86.2 0.900 0.124 0.7
14.5 14.5 22.4 84.7 0.961 0.147 0.8
15.5 15.5 26.1 85.2 0.906 0.134 0.7
16.5 16.5 24.1 85.1 0.974 0.145 0.9
17.5 17.5 23.8 84.6 0.955 0.147 0.7
18.5 18.5 23.3 84.6 0.948 0.146 0.6
19.5 19.5 23.4 84.2 0.976 0.154 0.7
20.5 20.5 20.9 83.5 0.985 0.163 0.9
21.5 21.5 19.6 81.8 1.039 0.189 0.8
22.5 22.5 27.0 87.3 0.963 0.122 0.6
23.5 23.5 21.9 83.5 0.969 0.160 0.6
24.5 24.5 24.6 85.5 0.950 0.138 0.5
25.5 25.5 23.1 84.8 0.965 0.147 0.6
26.5 26.5 23.0 84.5 0.957 0.148 0.5
27.5 27.5 21.2 83.1 0.974 0.165 0.4
28.5 28.5 29.5 87.8 0.999 0.122 0.4
29.5 29.5 34.9 88.7 0.941 0.106 0.2
30.5 30.5 35.4 88.5 0.983 0.113 0.3
31.5 31.5 33.6 88.6 0.937 0.107 0.4
32.5 32.5 35.3 88.1 0.973 0.116 0.4
33.5 33.5 40.2 89.3 0.949 0.102 0.3
34.5 34.5 39.0 89.0 0.951 0.105 0.4
35.5 35.5 39.8 88.9 0.925 0.103 0.3
Table B-4.  Sediment loss-on-ignition results for core 4.
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Core 
Depth 
Composite 
Core Depth 
Organic 
Content
Water 
Content
Wet Bulk 
Density
Dry Bulk 
Density
Carbonate 
Content
(cm) (cm) (%) (%) (g/cc) (g/cc) (%)
36.5 36.5 37.0 88.6 0.951 0.108 0.3
37.5 37.5 41.8 89.6 0.938 0.098 0.3
38.5 38.5 41.8 89.8 0.962 0.098 0.2
39.5 39.5 43.3 90.1 0.907 0.090 0.2
40.5 40.5 45.1 90.4 0.944 0.091 0.2
41.5 41.5 43.6 90.1 0.945 0.094 0.2
42.5 42.5 43.2 89.8 0.933 0.095 0.2
43.5 43.5 42.6 89.7 0.911 0.094 0.3
44.5 44.5 46.7 90.2 0.918 0.090 0.1
45.5 45.5 48.0 89.6 0.943 0.098 0.2
46.5 46.5 55.8 91.7 0.928 0.077 0.1
47.5 47.5 65.2 92.5 0.922 0.069 0.0
48.5 48.5 60.3 92.6 0.917 0.068 0.0
49.5 49.5 69.8 94.1 0.894 0.053 0.0
50.5 50.5 72.7 94.0 0.916 0.055 0.0
51.5 51.5 70.9 93.9 0.897 0.055 0.0
52.5 52.5 72.2 94.1 0.910 0.054 0.0
53.5 53.5 70.8 94.1 0.808 0.048 0.0
54.5 54.5 66.1 93.5 0.912 0.059 0.0
55.5 55.5 70.9 93.9 0.902 0.055 0.0
56.5 56.5 69.0 93.7 0.914 0.058 0.0
57.5 57.5 57.6 92.7 0.900 0.066 0.1
58.5 58.5 47.9 91.9 0.897 0.073 0.2
59.5 59.5 43.9 90.9 0.898 0.082 0.4
60.5 60.5 41.3 91.2 0.913 0.080 0.4
61.5 61.5 36.6 90.0 0.932 0.093 0.4
62.5 62.5 22.7 84.3 0.953 0.150 1.2
63.5 63.5 23.0 83.4 0.995 0.165 1.0
64.5 64.5 23.2 84.1 0.972 0.155 1.1
65.5 65.5 21.7 83.5 0.952 0.157 1.2
66.5 66.5 22.7 83.6 0.940 0.154 1.0
67.5 67.5 21.5 83.6 0.961 0.158 1.0
68.5 68.5 23.6 85.0 0.984 0.148 1.0
69.5 69.5 25.5 85.4 0.966 0.141 1.0
70.5 70.5 22.8 84.5 0.964 0.149 1.0
71.5 71.5 23.1 84.8 0.969 0.147 1.1
Table B-4. Continued for core 4.
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Core 
Depth 
Composite 
Core Depth 
Organic 
Content
Water 
Content
Wet Bulk 
Density
Dry Bulk 
Density
Carbonate 
Content
(cm) (cm) (%) (%) (g/cc) (g/cc) (%)
72.5 72.5 24.8 85.7 0.961 0.137 1.0
73.5 73.5 24.8 85.6 0.981 0.141 1.0
74.5 74.5 25.7 85.7 0.954 0.136 0.9
75.5 75.5 25.6 86.3 0.968 0.133 0.8
76.5 76.5 25.2 86.4 0.964 0.131 0.9
77.5 77.5 25.5 85.2 0.952 0.141 1.0
78.5 78.5 27.1 85.7 0.979 0.140 0.8
79.5 79.5 23.3 84.8 0.958 0.146 1.0
80.5 80.5 22.1 84.7 0.974 0.149 1.2
81.5 81.5 33.8 85.5 0.978 0.142 0.6
82.5 82.5 23.7 86.1 0.943 0.131 1.2
83.5 83.5 26.8 86.7 0.955 0.127 0.9
84.5 84.5 24.3 85.2 0.972 0.144 1.0
85.5 85.5 19.9 84.3 0.988 0.155 1.5
86.5 86.5 22.7 84.7 0.980 0.150 1.1
87.5 87.5 29.7 85.0 0.969 0.145 0.9
88.5 88.5 30.9 85.0 0.925 0.139 0.9
89.5 89.5 27.2 84.8 0.993 0.151 0.9
90.5 90.5 25.0 85.2 0.975 0.144 1.2
91.5 91.5 24.8 85.7 0.957 0.137 0.9
92.5 92.5 22.6 86.7 0.934 0.124 1.1
93.5 93.5 26.6 86.9 0.976 0.128 0.8
94.5 94.5 48.5 86.3 0.993 0.136 0.2
95.5 95.5 44.4 85.1 0.969 0.144 0.3
96.5 96.5 37.2 85.1 0.990 0.148 0.7
97.5 97.5 37.2 85.2 0.977 0.145 0.7
98.5 98.5 43.6 84.9 0.990 0.149 0.4
99.5 99.5 47.8 84.2 1.006 0.159 0.1
100.5 100.5 48.6 85.8 0.969 0.138 0.1
102.5 102.5 46.4 85.4 0.957 0.140 0.2
104.5 104.5 46.7 84.8 0.986 0.150 0.2
106.5 106.5 50.8 86.9 0.960 0.126 0.1
108.5 108.5 52.2 87.9 0.949 0.115 0.1
110.5 110.5 53.4 88.9 0.930 0.103 0.1
112.5 112.5 52.2 88.4 0.970 0.113 0.1
114.5 114.5 53.1 88.1 0.951 0.113 0.1
Table B-4. Continued for core 4.
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Core 
Depth 
Composite 
Core Depth 
Organic 
Content
Water 
Content
Wet Bulk 
Density
Dry Bulk 
Density
Carbonate 
Content
(cm) (cm) (%) (%) (g/cc) (g/cc) (%)
116.5 116.5 54.5 88.8 0.900 0.101 0.1
118.5 118.5 56.3 90.6 0.924 0.087 0.0
120.5 120.5 51.4 88.5 0.927 0.107 0.1
122.5 122.5 51.2 87.2 0.945 0.121 0.2
124.5 124.5 46.5 84.1 0.973 0.155 0.2
126.5 126.5 51.7 87.5 0.931 0.116 0.1
128.5 128.5 50.8 87.2 0.987 0.126 0.2
130.5 130.5 53.0 88.1 0.966 0.115 0.1
132.5 132.5 53.0 88.3 0.987 0.115 0.1
134.5 134.5 53.0 87.9 0.953 0.115 0.1
136.5 136.5 37.7 88.9 0.955 0.106 0.5
138.5 138.5 39.6 89.6 0.967 0.101 0.5
140.5 140.5 38.9 90.1 0.960 0.095 0.5
142.5 142.5 25.6 86.2 0.963 0.133 0.9
144.5 144.5 23.8 84.5 0.976 0.151 1.3
146.5 146.5 26.4 85.2 0.973 0.144 1.0
148.5 148.5 27.1 86.4 0.976 0.133 0.9
150.5 150.5 28.2 86.6 0.977 0.131 0.9
152.5 152.5 25.9 85.6 0.990 0.143 1.2
154.5 154.5 28.2 86.3 0.955 0.131 0.9
156.5 156.5 25.3 84.9 0.992 0.150 1.1
158.5 158.5 23.7 84.0 0.978 0.156 1.1
160.5 160.5 38.2 86.0 0.970 0.136 0.6
162.5 162.5 25.2 84.3 0.990 0.155 1.2
164.5 164.5 26.6 86.0 0.883 0.124 1.0
166.5 166.5 29.5 82.9 1.009 0.173 1.1
168.5 168.5 32.6 85.8 0.973 0.138 0.7
170.5 170.5 26.7 83.7 0.985 0.161 0.9
172.5 172.5 30.4 79.9 1.032 0.207 1.1
174.5 174.5 14.7 77.0 1.009 0.232 1.9
176.5 176.5 39.5 88.1 0.962 0.114 0.6
178.5 178.5 42.2 88.0 0.969 0.116 0.4
180.5 180.5 40.3 86.7 0.968 0.129 0.5
182.5 182.5 42.5 87.5 0.962 0.120 0.4
184.5 184.5 43.1 88.1 0.972 0.116 0.5
186.5 186.5 43.0 87.2 1.000 0.128 0.5
Table B-4. Continued for core 4.
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Core 
Depth 
Composite 
Core Depth 
Organic 
Content
Water 
Content
Wet Bulk 
Density
Dry Bulk 
Density
Carbonate 
Content
(cm) (cm) (%) (%) (g/cc) (g/cc) (%)
188.5 188.5 49.0 89.8 0.959 0.098 0.2
190.5 190.5 44.3 89.2 0.979 0.106 0.4
192.5 192.5 50.0 90.5 0.946 0.090 0.2
194.5 194.5 56.6 91.1 0.935 0.083 0.1
196.5 196.5 62.0 91.5 0.927 0.079 0.0
198.5 198.5 55.7 89.8 0.954 0.097 0.1
200.5 200.5 43.8 85.5 0.946 0.137 0.4
202.5 202.5 43.7 86.0 0.963 0.135 0.4
204.5 204.5 46.6 87.6 0.952 0.118 0.2
206.5 206.5 53.4 89.2 0.952 0.103 0.1
208.5 208.5 53.8 88.9 0.959 0.106 0.2
210.5 210.5 40.1 84.9 0.971 0.147 0.7
212.5 212.5 40.7 85.1 0.973 0.145 0.6
214.5 214.5 35.1 81.1 1.009 0.191 1.0
216.5 216.5 30.3 76.7 1.047 0.244 1.2
218.5 218.5 27.0 76.4 1.021 0.241 1.4
220.5 220.5 17.5 77.4 1.008 0.228 2.1
222.5 222.5 23.6 84.5 0.957 0.148 1.1
224.5 224.5 20.3 80.8 0.998 0.192 1.5
226.5 226.5 22.0 82.8 1.028 0.177 1.6
228.5 228.5 25.0 84.1 0.980 0.156 1.0
230.5 230.5 25.0 84.3 0.995 0.156 1.2
232.5 232.5 24.1 83.1 1.005 0.170 1.2
Table B-4. Continued for core 4.
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Core 
Depth
Composite 
Core Depth Value
(cm) (cm) (10-5 SI units)
0 0 0.4
3 3 2.1
6 6 3.7
9 9 4.5
12 12 6.9
15 15 9.4
Table B-5. Whole-core magnetic 
susceptibility (K) results for core 1.
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Core 
Depth
Composite 
Core Depth Value
(cm) (cm) (10-5 SI units)
1.5 1.5 0.9
4.5 4.5 1.8
7.5 7.5 3.1
10.5 10.5 5.2
13.5 13.5 9.4
Table B-6. Whole-core magnetic 
susceptibility (K) results for core 2.
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Core 
Depth
Composite 
Core 
Depth
Value
(cm) (cm) (10-5 SI units)
1.8 1.8 0.9
4.8 4.8 1.4
7.8 7.8 1.8
10.8 10.8 1.9
13.8 13.8 2.4
16.8 16.8 2.7
19.8 19.8 1.9
22.8 22.8 1.7
25.8 25.8 1.5
28.8 28.8 0.9
31.8 31.8 0.9
34.8 34.8 1.2
37.8 37.8 3.1
40.8 40.8 7.8
43.8 43.8 7.1
46.8 46.8 3.9
49.8 49.8 2.6
52.8 52.8 2.5
55.8 55.8 3.1
58.8 58.8 3.6
61.8 61.8 5
64.8 64.8 5.9
67.8 67.8 5.2
70.8 70.8 5
73.8 73.8 5.7
76.8 76.8 5.7
79.8 79.8 5.2
82.8 82.8 5
85.8 85.8 4
88.8 88.8 3.3
91.8 91.8 2.4
94.8 94.8 1.8
97.8 97.8 1.9
100.8 100.8 2
103.8 103.8 1.9
106.8 106.8 1.9
Table B-7. Whole-core magnetic 
susceptibility (K) results for core 3.
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Core 
Depth
Composite 
Core 
Depth
Value
(cm) (cm) (10-5 SI units)
109.8 109.8 2
112.8 112.8 2.7
115.8 115.8 3.2
118.8 118.8 4.3
121.8 121.8 5.3
124.8 124.8 4.6
127.8 127.8 4.5
130.8 130.8 4
133.8 133.8 3.6
136.8 136.8 2.1
139.8 139.8 2
142.8 142.8 1.4
145.8 145.8 1.4
148.8 148.8 1.2
151.8 151.8 1.1
154.8 154.8 0.9
157.8 157.8 1.2
160.8 160.8 1.8
163.8 163.8 2.4
166.8 166.8 1.8
169.8 169.8 1.5
172.8 172.8 1.5
175.8 175.8 1.5
178.8 178.8 2.1
181.8 181.8 3.1
184.8 184.8 7
187.8 187.8 5
190.8 190.8 3.3
193.8 193.8 1.5
196.8 196.8 -0.1
Table B-7. Continued for core 3.
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Core 
Depth
Composite 
Core Depth Value
(cm) (cm) (10-5 SI units)
2 2 5.1
5 5 5.8
8 8 5.7
11 11 5.7
14 14 5.7
17 17 6.2
20 20 8.0
23 23 8.7
26 26 6.9
29 29 5.3
32 32 3.7
35 35 3.0
38 38 2.7
41 41 2.8
44 44 3.6
47 47 3.1
50 50 4.4
53 53 4.7
56 56 4.7
59 59 4.7
62 62 5.0
65 65 4.7
68 68 4.4
71 71 5.2
74 74 5.1
77 77 4.5
80 80 5.0
83 83 4.7
86 86 4.7
89 89 5.1
92 92 5.2
95 95 4.4
98 98 4.3
101 101 4.2
104 104 4.4
107 107 2.3
Table B-8. Whole-core magnetic 
susceptibility (K) results for core 4.
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Core 
Depth
Composite 
Core Depth Value
(cm) (cm) (10-5 SI units)
110 110 1.4
113 113 1.3
116 116 1.4
119 119 1.4
122 122 1.5
125 125 1.4
128 128 1.5
131 131 1.7
134 134 1.7
137 137 1.5
140 140 1.2
143 143 1.2
146 146 1.4
149 149 1.7
152 152 2.0
155 155 2.4
158 158 1.9
161 161 1.8
164 164 1.8
167 167 1.9
170 170 1.9
173 173 2.1
176 176 2.1
179 179 2.5
182 182 2.7
185 185 2.6
188 188 2.8
191 191 2.8
194 194 2.7
197 197 2.7
200 200 2.8
203 203 2.7
206 206 2.5
209 209 2.4
212 212 2.1
215 215 1.8
Table B-8. Continued for core 4.
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Core 
Depth
Composite 
Core Depth Value
(cm) (cm) (10-5 SI units)
218 218 1.9
221 221 1.5
224 224 1.9
227 227 1.9
230 230 0.8
Table B-8. Continued for core 4.
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APPENDIX C
SEDIMENT CORE LOSS-ON-IGNTION AND MAGNETIC SUSCEPTIBILITY (K) 
DATA FROM THE NORTHERN REGION AT REX LAKE, OHIO
Wet bulk density, dry bulk density, organic content, water content, carbonate content, 
and whole-core magnetic susceptibility (k) measurements were performed on cores 9, 10, 
11, 12, 13, and 14.
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Core 
Depth 
Composite 
Core Depth 
Organic 
Content
Water 
Content
Wet Bulk 
Density
Dry Bulk 
Density
Carbonate 
Content
(cm) (cm) (%) (%) (g/cc) (g/cc) (%)
0.5 0.5 13.7 73.5 1.077 0.285 1.5
1.5 1.5 17.1 77.3 1.031 0.234 1.4
2.5 2.5 14.6 76.5 1.015 0.239 1.7
3.5 3.5 11.4 71.5 1.042 0.297 2.3
4.5 4.5 14.1 75.5 1.018 0.249 1.6
5.5 5.5 13.0 74.7 1.062 0.269 1.9
6.5 6.5 12.0 73.4 1.063 0.283 2.2
7.5 7.5 7.5 62.4 0.918 0.345 1.9
8.5 8.5 5.1 56.1 1.204 0.528 3.8
9.5 9.5 4.9 55.4 1.248 0.556 4.1
10.5 10.5 6.2 58.8 1.221 0.503 3.9
11.5 11.5 12.1 72.9 1.071 0.290 2.2
12.5 12.5 11.7 73.3 1.061 0.283 1.9
13.5 13.5 8.4 65.9 1.080 0.368 2.8
Table C-1.  Sediment loss-on-ignition results for core 9.
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Core 
Depth 
Composite 
Core Depth 
Organic 
Content
Water 
Content
Wet Bulk 
Density
Dry Bulk 
Density
Carbonate 
Content
(cm) (cm) (%) (%) (g/cc) (g/cc) (%)
0.5 0.5 12.0 72.9 1.046 0.283 1.8
1.5 1.5 10.4 71.3 1.073 0.308 2.4
2.5 2.5 11.0 71.8 1.063 0.300 1.8
3.5 3.5 12.0 73.8 1.053 0.276 1.6
4.5 4.5 12.5 75.0 1.054 0.264 1.7
5.5 5.5 11.8 72.4 0.983 0.271 1.8
6.5 6.5 7.7 64.2 1.124 0.402 2.5
7.5 7.5 8.9 67.0 1.093 0.361 2.1
8.5 8.5 6.7 60.2 1.197 0.477 1.7
Table C-2.  Sediment loss-on-ignition results for core 10.
182
Core 
Depth 
Composite 
Core Depth 
Organic 
Content
Water 
Content
Wet Bulk 
Density
Dry Bulk 
Density
Carbonate 
Content
(cm) (cm) (%) (%) (g/cc) (g/cc) (%)
0.5 0.5 19.8 77.3 1.046 0.237 1.4
1.5 1.5 18.1 76.7 1.017 0.237 1.3
2.5 2.5 17.2 76.6 1.044 0.244 1.4
3.5 3.5 11.4 68.7 1.063 0.333 2.6
4.5 4.5 15.1 73.8 1.039 0.272 1.7
5.5 5.5 15.6 74.1 1.066 0.276 1.7
6.5 6.5 15.5 74.8 1.049 0.264 1.5
7.5 7.5 31.5 85.0 0.993 0.149 0.5
8.5 8.5 32.6 85.6 0.958 0.138 0.5
9.5 9.5 34.6 86.6 0.995 0.133 0.5
10.5 10.5 30.5 84.6 0.980 0.151 0.6
11.5 11.5 38.7 86.9 0.945 0.124 0.4
12.5 12.5 17.4 76.8 1.039 0.241 1.6
13.5 13.5 16.8 76.3 1.029 0.244 1.8
14.5 14.5 16.1 75.9 1.054 0.254 2.0
15.5 15.5 17.4 76.8 1.065 0.247 1.6
16.5 16.5 17.0 76.3 1.042 0.247 1.7
17.5 17.5 24.0 82.4 1.016 0.179 1.1
18.5 18.5 22.9 81.8 0.983 0.179 1.1
19.5 19.5 24.8 82.8 0.962 0.165 1.0
20.5 20.5 21.8 80.9 1.030 0.197 1.2
21.5 21.5 18.6 78.6 1.027 0.220 1.8
22.5 22.5 18.8 79.5 1.012 0.207 1.5
23.5 23.5 20.4 80.0 1.031 0.206 1.3
24.5 24.5 13.4 73.2 1.029 0.276 2.2
25.5 25.5 13.5 73.3 1.053 0.281 2.1
26.5 26.5 13.0 72.5 0.983 0.270 2.3
27.5 27.5 11.9 70.4 1.107 0.328 3.1
28.5 28.5 10.8 69.1 1.110 0.343 2.7
29.5 29.5 14.9 72.5 1.051 0.289 2.1
30.5 30.5 17.8 74.6 1.059 0.269 2.2
31.5 31.5 24.4 81.6 0.976 0.180 1.2
32.5 32.5 25.7 81.7 0.977 0.179 1.2
33.5 33.5 35.7 86.5 0.958 0.129 0.6
34.5 34.5 40.2 87.8 0.958 0.117 0.5
35.5 35.5 36.8 86.0 0.949 0.133 0.6
Table C-3.  Sediment loss-on-ignition results for core 11.
183
Core 
Depth 
Composite 
Core Depth 
Organic 
Content
Water 
Content
Wet Bulk 
Density
Dry Bulk 
Density
Carbonate 
Content
(cm) (cm) (%) (%) (g/cc) (g/cc) (%)
36.5 36.5 36.2 86.5 0.962 0.130 0.5
37.5 37.5 39.3 87.3 0.958 0.122 0.5
38.5 38.5 51.0 89.6 0.963 0.100 0.1
39.5 39.5 52.6 90.1 0.964 0.095 0.2
40.5 40.5 41.8 87.5 0.977 0.122 0.5
41.5 41.5 54.0 90.4 0.902 0.087 0.1
42.5 42.5 56.5 90.8 0.923 0.085 0.0
43.5 43.5 61.6 90.9 0.948 0.086 0.0
44.5 44.5 64.2 91.5 0.958 0.081 0.0
45.5 45.5 65.4 91.7 0.937 0.078 0.1
46.5 46.5 61.7 91.5 0.948 0.081 0.1
47.5 47.5 58.5 91.3 0.947 0.082 0.0
48.5 48.5 56.2 90.6 0.948 0.089 0.2
49.5 49.5 46.0 89.6 0.959 0.100 0.3
50.5 50.5 49.5 90.4 0.964 0.093 0.3
51.5 51.5 55.8 90.7 0.927 0.086 0.2
52.5 52.5 48.0 89.9 0.967 0.098 0.3
53.5 53.5 48.5 89.7 0.945 0.097 0.4
54.5 54.5 55.3 91.2 0.968 0.085 0.2
55.5 55.5 57.3 91.4 0.954 0.082 0.1
56.5 56.5 51.1 90.2 0.957 0.094 0.2
57.5 57.5 53.8 90.6 0.963 0.091 0.2
58.5 58.5 63.2 92.0 0.949 0.076 0.1
59.5 59.5 71.0 92.8 0.952 0.069 0.0
60.5 60.5 73.4 93.2 0.946 0.064 0.0
61.5 61.5 73.1 92.9 0.947 0.067 0.0
62.5 62.5 72.1 92.8 0.944 0.068 0.1
63.5 63.5 68.7 92.4 0.877 0.067 0.1
64.5 64.5 69.1 92.7 0.934 0.068 0.1
65.5 65.5 69.0 92.4 0.935 0.071 0.1
66.5 66.5 70.1 92.8 0.933 0.067 0.0
67.5 67.5 72.1 92.8 0.951 0.068 0.1
68.5 68.5 72.7 93.0 0.949 0.066 0.1
69.5 69.5 72.1 92.7 0.934 0.068 0.0
70.5 70.5 67.6 92.4 0.935 0.071 0.0
71.5 71.5 66.7 92.0 0.936 0.075 0.0
Table C-3.  Continued for core 11.
184
Core 
Depth 
Composite 
Core Depth 
Organic 
Content
Water 
Content
Wet Bulk 
Density
Dry Bulk 
Density
Carbonate 
Content
(cm) (cm) (%) (%) (g/cc) (g/cc) (%)
72.5 72.5 64.2 91.5 0.952 0.081 0.1
73.5 73.5 61.4 91.1 0.934 0.083 0.0
74.5 74.5 59.6 90.7 0.957 0.089 0.0
75.5 75.5 62.7 91.2 0.944 0.083 0.0
76.5 76.5 60.5 91.3 0.927 0.081 0.1
77.5 77.5 61.2 90.9 0.939 0.085 0.1
78.5 78.5 58.6 90.7 0.940 0.087 0.1
79.5 79.5 48.5 89.1 0.942 0.103 0.3
80.5 80.5 32.3 84.1 0.976 0.155 0.7
81.5 81.5 17.7 77.1 1.084 0.248 1.8
82.5 82.5 16.9 75.5 1.066 0.261 1.8
83.5 83.5 26.2 80.8 1.016 0.195 1.1
84.5 84.5 35.7 85.7 0.977 0.140 0.6
85.5 85.5 48.0 84.6 0.988 0.152 0.5
86.5 86.5 36.1 85.7 1.004 0.144 0.8
87.5 87.5 39.2 86.8 0.987 0.130 0.5
88.5 88.5 35.7 85.5 0.988 0.143 0.8
89.5 89.5 48.2 88.3 0.974 0.114 0.2
90.5 90.5 46.7 89.1 0.986 0.107 0.4
91.5 91.5 48.1 89.0 0.979 0.108 0.4
92.5 92.5 50.0 89.2 0.962 0.104 0.3
93.5 93.5 37.8 86.4 0.993 0.135 0.6
94.5 94.5 34.7 85.3 0.999 0.147 0.9
95.5 95.5 47.1 87.5 0.969 0.121 0.4
96.5 96.5 38.6 85.9 0.991 0.140 0.7
97.5 97.5 34.4 84.3 0.997 0.157 0.6
98.5 98.5 36.6 85.3 0.987 0.145 0.6
99.5 99.5 35.9 84.7 0.997 0.153 0.6
100.5 100.5 40.4 84.3 0.929 0.146 0.3
102.5 102.5 31.3 80.7 1.043 0.201 0.8
104.5 104.5 27.1 78.7 1.036 0.221 1.2
106.5 106.5 28.2 78.0 1.032 0.227 1.1
108.5 108.5 34.2 81.8 1.009 0.184 0.5
110.5 110.5 40.5 83.4 1.012 0.168 0.4
112.5 112.5 51.5 89.7 0.983 0.101 0.2
114.5 114.5 47.8 88.3 0.981 0.115 0.3
Table C-3.  Continued for core 11.
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Core 
Depth 
Composite 
Core Depth 
Organic 
Content
Water 
Content
Wet Bulk 
Density
Dry Bulk 
Density
Carbonate 
Content
(cm) (cm) (%) (%) (g/cc) (g/cc) (%)
116.5 116.5 42.6 86.8 0.978 0.129 0.3
118.5 118.5 45.4 86.8 0.986 0.130 0.3
120.5 120.5 43.2 86.5 0.977 0.132 0.3
122.5 122.5 38.6 82.6 1.010 0.176 0.4
124.5 124.5 44.4 85.4 0.983 0.144 0.2
126.5 126.5 44.2 85.9 0.978 0.138 0.2
128.5 128.5 33.6 78.8 1.036 0.220 0.6
130.5 130.5 31.2 78.0 1.005 0.221 0.8
132.5 132.5 32.4 78.7 1.026 0.219 0.7
134.5 134.5 19.6 77.9 1.016 0.225 1.6
136.5 136.5 20.7 79.4 1.009 0.208 1.5
138.5 138.5 25.0 80.9 1.006 0.192 1.1
140.5 140.5 24.0 82.6 1.026 0.179 1.2
142.5 142.5 25.1 83.0 1.003 0.171 1.3
144.5 144.5 22.2 82.2 1.012 0.180 1.4
146.5 146.5 16.7 76.3 1.062 0.252 1.9
148.5 148.5 19.4 79.3 1.043 0.216 1.6
150.5 150.5 22.6 81.2 1.012 0.190 1.3
152.5 152.5 19.5 77.5 1.047 0.236 1.7
Table C-3.  Continued for core 11.
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Core 
Depth 
Composite 
Core Depth 
Organic 
Content
Water 
Content
Wet Bulk 
Density
Dry Bulk 
Density
Carbonate 
Content
(cm) (cm) (%) (%) (g/cc) (g/cc) (%)
3.5 3.5 13.3 58.6 1.187 0.243 7.9
12 12 17.0 82.8 1.109 0.191 6.1
19 19 12.8 73.4 1.029 0.274 1.9
27 27 10.6 69.7 1.092 0.331 3.1
34 34 10.2 66.6 1.148 0.384 3.3
42 42 12.3 71.3 1.076 0.309 2.9
49 49 12.9 71.3 1.057 0.303 2.3
57.5 57.5 6.0 58.7 1.221 0.504 4.7
64.5 64.5 5.8 58.5 1.211 0.502 4.2
72.5 72.5 5.6 63.1 1.162 0.429 4.0
80.5 80.5 6.2 54.4 1.238 0.564 3.9
88 88 6.6 57.9 1.229 0.518 4.6
98 98 5.3 55.7 1.247 0.552 4.7
103 103 6.2 57.9 1.265 0.533 4.5
110 110 7.7 57.8 1.226 0.517 4.4
118 118 4.6 52.0 1.278 0.614 5.4
125.5 125.5 4.3 55.2 1.254 0.562 4.6
133.5 133.5 4.8 53.5 1.266 0.589 5.1
140.5 140.5 4.1 51.2 1.297 0.633 5.2
151.5 151.5 4.5 51.0 1.313 0.643 6.4
Table C-4.  Sediment loss-on-ignition results for core 12.
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Core 
Depth 
Composite 
Core Depth 
Organic 
Content
Water 
Content
Wet Bulk 
Density
Dry Bulk 
Density
Carbonate 
Content
(cm) (cm) (%) (%) (g/cc) (g/cc) (%)
0.5 0.5 17.0 78.5 1.014 0.218 1.2
1.5 1.5 18.0 79.6 1.007 0.205 1.2
2.5 2.5 15.7 76.7 1.013 0.236 1.7
3.5 3.5 14.8 76.5 1.003 0.236 1.7
4.5 4.5 14.9 76.8 1.013 0.235 1.7
5.5 5.5 15.8 77.6 1.017 0.228 1.4
6.5 6.5 15.1 76.8 1.031 0.239 1.4
7.5 7.5 15.2 73.0 1.025 0.277 1.7
8.5 8.5 12.5 72.7 1.001 0.273 1.7
9.5 9.5 14.3 75.7 0.950 0.231 1.5
10.5 10.5 11.9 71.1 1.079 0.312 2.3
11.5 11.5 11.2 72.2 1.060 0.295 2.1
12.5 12.5 10.2 68.8 1.064 0.332 2.2
13.5 13.5 7.9 64.2 1.135 0.406 3.8
14.5 14.5 6.7 61.1 1.153 0.449 3.6
Table C-5.  Sediment loss-on-ignition results for core 13.
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Core 
Depth 
Composite 
Core Depth 
Organic 
Content
Water 
Content
Wet Bulk 
Density
Dry Bulk 
Density
Carbonate 
Content
(cm) (cm) (%) (%) (g/cc) (g/cc) (%)
0.5 0.5 17.0 78.5 1.014 0.218 1.2
1.5 1.5 18.0 79.6 1.007 0.205 1.2
2.5 2.5 15.7 76.7 1.013 0.236 1.7
3.5 3.5 14.8 76.5 1.030 0.236 1.7
4.5 4.5 14.9 76.8 1.013 0.235 1.7
5.5 5.5 15.8 77.6 1.017 0.228 1.4
6.5 6.5 15.1 76.8 1.031 0.239 1.4
7.5 7.5 15.2 73.0 1.025 0.277 1.7
8.5 8.5 12.5 72.7 1.001 0.273 1.7
9.5 9.5 14.3 75.7 0.950 0.231 1.5
10.5 10.5 11.9 71.1 1.079 0.312 2.3
11.5 11.5 11.2 72.2 1.060 0.295 2.1
12.5 12.5 10.2 68.8 1.064 0.332 2.2
13.5 13.5 7.9 64.2 1.135 0.406 3.8
14.5 14.5 6.7 61.1 1.153 0.449 3.6
Table C-5.  Sediment loss-on-ignition results for core 13.
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Core 
Depth 
Composite 
Core Depth 
Organic 
Content
Water 
Content
Wet Bulk 
Density
Dry Bulk 
Density
Carbonate 
Content
(cm) (cm) (%) (%) (g/cc) (g/cc) (%)
3.5 3.5 7.46 60.851 1.198 0.469 6.93
11.5 11.5 11.08 69.965 1.142 0.343 1.03
19.0 19.0 11.69 70.750 1.053 0.308 2.18
27.0 27.0 8.05 59.128 1.216 0.497 3.97
34.0 34.0 8.05 61.216 1.217 0.472 3.81
42.0 42.0 8.82 62.158 1.168 0.442 4.13
49.0 49.0 7.21 58.347 1.198 0.499 4.91
54.0 54.0 5.10 56.425 1.214 0.529 4.84
57.0 57.0 4.87 52.698 1.260 0.596 5.59
64.5 64.5 5.55 54.351 1.264 0.577 4.12
72.5 72.5 6.32 59.540 1.174 0.475 4.75
80.0 80.0 5.22 56.387 1.229 0.536 4.88
84.0 84.0 8.22 63.085 1.154 0.426 4.12
88.0 88.0 4.93 54.633 1.252 0.568 4.93
Table C-6.  Sediment loss-on-ignition results for core 14.
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Core 
Depth 
Composite 
Core Depth Value
(cm) (cm) (10-5 SI units)
2.5 2.5 6.9
5.5 5.5 9.5
8.5 8.5 10.3
11.5 11.5 6.5
Table C-7. Whole-core magnetic 
susceptibility (K) results for core 9.
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Core 
Depth 
Composite 
Core Depth Value
(cm) (cm) (10-5 SI units)
2 2 8.5
5 5 9.7
8 8 7.7
Table C-8. Whole-core magnetic 
susceptibility (K) results for core 10.
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Core 
Depth 
Composite 
Core Depth Value
(cm) (cm) (10-5 SI units)
0 0 2.1
3 3 4.3
6 6 3
9 9 1.9
12 12 1.3
15 15 1.5
18 18 1.4
21 21 1.4
24 24 1.7
27 27 2.3
30 30 2
33 33 1.3
36 36 1.2
39 39 0.9
42 42 0.9
45 45 0.9
48 48 1.1
51 51 0.9
54 54 1.1
57 57 1.1
60 60 1.2
63 63 1.1
66 66 0.8
69 69 0.5
72 72 0.4
75 75 0.4
78 78 0.4
81 81 0.7
84 84 0.7
87 87 -0.1
90 90 -0.1
93 93 -0.1
96 96 0.1
99 99 0.2
102 102 0.4
105 105 0.4
Table C-9. Whole-core magnetic 
susceptibility (K) results for core 11.
193
Core 
Depth 
Composite 
Core Depth Value
(cm) (cm) (10-5 SI units)
108 108 0.4
111 111 0
114 114 -0.1
117 117 0
120 120 0.1
123 123 -0.1
126 126 -0.4
129 129 -0.2
132 132 0.5
135 135 0.4
138 138 0
141 141 -0.2
144 144 0
147 147 0.2
150 150 -0.1
Table C-9.  Continued for core 11.
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Core 
Depth 
Composite 
Core Depth Value
(cm) (cm) (10-5 SI units)
3 3 4.5
6 6 5.6
9 9 5.8
12 12 6.4
15 15 6.1
18 18 5.9
21 21 4.7
24 24 5
27 27 4.6
30 30 4.3
33 33 5
36 36 4.9
39 39 5.1
42 42 5.2
45 45 5.9
48 48 11.8
51 51 17.1
54 54 17.2
57 57 12
60 60 12.7
63 63 11.9
66 66 11.9
69 69 9
72 72 8.1
75 75 9.6
78 78 10.8
81 81 11.5
84 84 11.4
87 87 12
90 90 11
93 93 10.4
96 96 10.8
99 99 10.4
102 102 8.8
105 105 8.7
108 108 10.7
Table C-10. Whole-core magnetic 
susceptibility (K) results for core 12.
195
Core 
Depth 
Composite 
Core Depth Value
(cm) (cm) (10-5 SI units)
111 111 14.7
114 114 15.7
117 117 14.4
120 120 12
123 123 12.1
126 126 9.9
129 129 6.6
132 132 6.2
135 135 7
138 138 8
141 141 9.5
144 144 12.6
147 147 12.1
150 150 10
153 153 8
Table C-10.  Continued for core 12.
196
Core 
Depth 
Composite 
Core Depth Value
(cm) (cm) (10-5 SI units)
1 1 4.7
4 4 7.2
7 7 8.1
10 10 9.6
13 13 8.1
Table C-11. Whole-core magnetic 
susceptibility (K) results for core 13.
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Core 
Depth 
Composite 
Core Depth Value
(cm) (cm) (10-5 SI units)
3 3 7.2
6 6 6.6
9 9 6.1
12 12 8.8
15 15 9.6
18 18 10.3
21 21 11.3
24 24 12.5
27 27 10.6
30 30 7.4
33 33 8.2
36 36 8.9
39 39 3.7
42 42 0.1
45 45 -0.4
48 48 -0.6
51 51 -0.6
54 54 -0.6
57 57 -0.6
60 60 -0.7
63 63 -0.7
66 66 -0.7
69 69 -0.7
72 72 -0.8
75 75 -0.7
78 78 -0.7
81 81 -0.5
84 84 -0.5
87 87 -0.6
90 90 -0.8
Table C-12. Whole-core magnetic 
susceptibility (K) results for core 14.
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APPENDIX D
SEDIMENT CORE LOSS-ON-IGNTION AND MAGNETIC SUSCEPTIBILITY (K) 
DATA FROM THE CENTRAL REGION AT REX LAKE, OHIO
Wet bulk density, dry bulk density, organic content, water content, carbonate content, 
and whole-core magnetic susceptibility (k) measurements were performed on cores 5, 6, 
7, 8, 15, 16, 17, 18, 19, and 20.
199
Core 
Depth 
Composite 
Core Depth 
Organic 
Content
Water 
Content
Wet Bulk 
Density
Dry Bulk 
Density
Carbonate 
Content
(cm) (cm) (%) (%) (g/cc) (g/cc) (%)
0.5 0.5 23.5 86.9 1.006 0.132 0.49
1.5 1.5 22.9 87.1 1.013 0.131 0.52
2.5 2.5 25.2 88.0 1.028 0.123 0.43
3.5 3.5 23.9 88.6 0.958 0.109 0.44
4.5 4.5 26.0 89.1 0.951 0.104 0.35
5.5 5.5 23.7 88.0 0.982 0.118 0.46
6.5 6.5 23.0 87.4 0.967 0.122 0.48
8.5 8.5 21.2 86.4 1.009 0.137 0.61
7.5 7.5 22.8 87.7 0.996 0.123 0.51
9.5 9.5 20.7 85.7 0.978 0.140 0.76
10.5 10.5 18.8 86.3 1.086 0.149 0.67
11.5 11.5 18.4 85.4 1.042 0.152 0.71
12.5 12.5 19.9 85.4 1.003 0.146 0.59
Table D-1.  Sediment loss-on-ignition results for core 5.
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Core 
Depth 
Composite 
Core Depth 
Organic 
Content
Water 
Content
Wet Bulk 
Density
Dry Bulk 
Density
Carbonate 
Content
(cm) (cm) (%) (%) (g/cc) (g/cc) (%)
0.5 0.5 22.0 90.3 0.936 0.091 0.49
1.5 1.5 21.1 90.0 0.946 0.095 0.57
2.5 2.5 21.4 92.2 0.900 0.070 0.39
3.5 3.5 22.6 89.1 0.975 0.106 0.46
4.5 4.5 23.3 89.3 0.959 0.103 0.50
5.5 5.5 21.6 88.2 0.940 0.111 0.47
6.5 6.5 21.3 87.6 0.982 0.122 0.59
7.5 7.5 23.6 88.5 0.956 0.110 0.47
8.5 8.5 19.5 87.9 0.974 0.118 0.58
9.5 9.5 20.3 86.8 0.968 0.128 0.77
10.5 10.5 20.7 85.9 0.958 0.135 0.68
11.5 11.5 20.1 84.9 0.956 0.144 0.65
12.5 12.5 21.9 84.3 0.988 0.155 0.67
13.5 13.5 20.8 84.7 0.940 0.144 0.55
14.5 14.5 19.9 84.8 0.996 0.151 0.70
15.5 15.5 17.9 83.7 0.959 0.156 0.77
16.5 16.5 19.2 83.8 0.965 0.156 0.83
17.5 17.5 16.6 80.7 0.970 0.187 1.08
18.5 18.5 18.6 81.9 0.979 0.177 0.81
Table D-2.  Sediment loss-on-ignition results for core 6.
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Core 
Depth 
Composite 
Core Depth 
Organic 
Content
Water 
Content
Wet Bulk 
Density
Dry Bulk 
Density
Carbonate 
Content
(cm) (cm) (%) (%) (g/cc) (g/cc) (%)
0.5 50.6 39.7 88.4 1.003 0.116 0.16
1.5 51.4 38.9 88.7 0.955 0.108 0.13
2.5 52.2 41.7 89.0 0.981 0.108 0.14
3.5 53.0 45.2 89.0 0.948 0.104 0.15
4.5 53.8 44.4 89.6 0.954 0.099 0.11
5.5 54.7 43.7 89.7 0.928 0.096 0.05
6.5 55.5 41.7 88.0 0.959 0.115 0.16
7.5 56.3 41.5 88.9 0.955 0.106 0.14
8.5 57.1 44.8 89.8 0.945 0.096 0.12
9.5 57.9 43.7 89.4 0.904 0.096 0.11
10.5 58.9 46.7 90.3 0.944 0.092 0.14
11.5 59.9 51.2 90.8 0.935 0.086 0.12
12.5 60.9 51.8 90.8 0.928 0.085 0.08
13.5 61.9 52.9 91.1 0.952 0.085 0.08
14.5 62.9 52.9 91.0 0.948 0.085 0.03
15.5 63.9 51.8 91.3 0.980 0.085 0.03
16.5 64.9 55.0 91.5 0.940 0.080 0.05
17.5 65.9 55.4 91.2 0.948 0.083 0.06
18.5 66.9 57.1 91.7 0.929 0.077 0.03
19.5 67.9 55.8 91.8 0.940 0.077 0.05
21.5 70.0 58.0 91.3 0.935 0.081 0.08
22.5 71.0 56.4 91.6 0.929 0.078 0.08
23.5 72.0 55.3 91.8 0.928 0.076 0.07
24.5 73.0 56.0 91.9 0.928 0.075 0.05
25.5 74.0 60.0 92.3 0.908 0.070 0.02
26.5 75.0 60.3 92.0 0.915 0.073 0.03
27.5 76.0 61.6 92.1 0.921 0.073 0.07
28.5 77.0 63.5 92.1 0.941 0.074 0.05
29.5 78.0 62.9 92.0 0.875 0.070 0.02
30.5 79.0 59.7 92.0 0.902 0.072 0.08
31.5 80.0 53.6 90.9 0.924 0.084 0.10
32.5 81.0 52.9 90.9 0.929 0.085 0.12
33.5 82.0 52.9 90.7 0.934 0.087 0.20
34.5 83.3 50.5 90.2 0.972 0.095 0.15
35.5 84.8 48.8 90.9 0.921 0.084 0.24
36.5 86.3 56.0 92.0 0.935 0.075 0.05
Table D-3.  Sediment loss-on-ignition results for core 7.
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Core 
Depth 
Composite 
Core Depth 
Organic 
Content
Water 
Content
Wet Bulk 
Density
Dry Bulk 
Density
Carbonate 
Content
(cm) (cm) (%) (%) (g/cc) (g/cc) (%)
37.5 87.8 57.3 92.0 0.940 0.075 0.07
38.5 89.4 57.7 91.7 0.935 0.078 0.09
39.5 90.9 57.5 91.2 0.912 0.080 0.08
40.5 92.4 53.0 90.8 0.902 0.083 0.09
41.5 93.9 52.9 91.1 0.957 0.085 0.09
42.5 95.5 50.6 90.9 0.908 0.083 0.13
43.5 97.0 45.5 89.1 0.926 0.101 0.27
44.5 98.5 47.4 89.9 0.945 0.095 0.21
45.5 99.7 47.5 89.5 0.962 0.101 0.23
46.5 100.8 45.0 88.9 0.898 0.100 0.29
47.5 101.8 56.2 91.4 0.931 0.080 0.07
48.5 102.8 54.4 91.3 0.912 0.079 0.07
49.5 103.9 57.3 91.2 0.928 0.082 0.07
50.5 104.9 56.4 91.0 0.866 0.078 0.03
51.5 105.9 54.9 91.1 0.925 0.082 0.10
52.5 107.0 57.0 91.1 0.889 0.079 0.10
53.5 108.0 56.6 90.9 0.917 0.083 0.05
54.5 109.0 58.3 91.1 0.946 0.084 0.05
55.5 110.1 59.0 91.0 0.926 0.083 0.03
56.5 111.1 56.0 90.9 0.919 0.084 0.05
57.5 112.1 59.5 91.5 0.926 0.079 0.06
58.5 113.1 57.3 91.2 0.849 0.075 0.08
59.5 114.2 57.1 91.4 0.813 0.070 0.08
60.5 115.2 60.5 91.3 0.934 0.081 0.03
61.5 116.2 61.0 91.7 0.930 0.077 0.07
62.5 117.3 63.8 91.5 0.945 0.080 0.02
63.5 118.3 62.5 91.5 0.936 0.080 0.08
64.5 119.3 63.0 92.1 0.922 0.073 0.06
65.5 120.4 63.6 91.7 0.931 0.077 0.09
66.5 121.4 63.9 92.3 0.940 0.072 0.02
67.5 122.4 62.0 92.4 0.934 0.071 0.06
68.5 123.5 64.9 92.2 0.943 0.074 0.03
71.5 126.6 64.4 92.2 0.933 0.073 0.05
72.5 127.6 63.8 92.4 0.905 0.069 0.03
73.5 128.6 61.4 92.4 0.918 0.070 0.06
74.5 129.9 69.8 93.2 0.925 0.063 0.06
Table D-3.  Continued for core 7.
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Core 
Depth 
Composite 
Core Depth 
Organic 
Content
Water 
Content
Wet Bulk 
Density
Dry Bulk 
Density
Carbonate 
Content
(cm) (cm) (%) (%) (g/cc) (g/cc) (%)
75.5 131.2 71.7 93.8 0.963 0.060 0.03
76.5 132.5 72.6 93.3 0.932 0.062 0.06
77.5 133.9 75.0 93.4 0.916 0.060 0.00
78.5 135.2 76.3 93.7 0.935 0.059 0.06
79.5 136.5 81.0 93.7 0.922 0.058 0.00
80.5 137.9 75.5 94.0 0.813 0.049 0.03
81.5 139.2 78.4 94.3 0.892 0.051 0.03
82.5 140.5 83.3 94.1 0.908 0.054 0.06
83.5 141.8 80.4 94.0 0.848 0.051 0.03
84.5 143.2 78.2 94.2 0.945 0.055 0.03
85.5 144.9 75.4 94.1 0.960 0.057 0.05
86.5 147.1 76.8 93.9 0.920 0.056 0.05
87.5 149.3 75.9 94.1 0.914 0.054 0.03
88.5 151.5 74.1 94.0 0.959 0.058 0.07
89.5 152.5 81.1 93.8 0.850 0.053 0.00
90.5 153.5 76.4 93.9 0.897 0.055 0.03
91.5 154.5 77.2 93.9 0.936 0.057 0.03
92.5 155.5 78.0 93.8 0.959 0.059 0.00
93.5 156.5 75.0 93.6 0.936 0.060 0.05
94.5 157.5 78.6 93.8 0.900 0.056 0.00
95.5 158.5 80.0 93.6 0.935 0.060 0.00
96.5 159.5 74.1 93.7 0.918 0.058 0.05
97.5 160.5 77.0 93.5 0.942 0.061 0.00
98.5 161.5 76.8 93.8 0.904 0.056 0.03
99.5 162.5 78.3 93.6 0.933 0.060 0.00
100.5 163.5 76.4 94.0 0.920 0.055 0.08
102.5 165.5 76.3 93.6 0.927 0.059 0.03
104.5 167.5 80.0 94.0 0.923 0.055 0.00
106.5 169.5 77.2 93.9 0.939 0.057 0.05
108.5 171.5 77.8 94.3 0.942 0.054 0.02
110.5 173.5 80.0 94.1 0.940 0.055 0.00
112.5 175.5 78.9 94.0 0.953 0.057 0.00
114.5 177.5 76.3 93.6 0.922 0.059 0.00
116.5 179.5 76.7 93.7 0.956 0.060 0.03
118.5 181.5 75.4 93.5 0.941 0.061 0.03
120.5 183.5 77.2 93.8 0.923 0.057 0.00
Table D-3.  Continued for core 7.
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Core 
Depth 
Composite 
Core Depth 
Organic 
Content
Water 
Content
Wet Bulk 
Density
Dry Bulk 
Density
Carbonate 
Content
(cm) (cm) (%) (%) (g/cc) (g/cc) (%)
122.5 185.5 80.4 94.0 0.931 0.056 0.00
124.5 187.5 76.9 94.1 0.874 0.052 0.00
126.5 189.5 76.8 93.8 0.896 0.056 0.00
128.5 191.5 77.6 93.8 0.935 0.058 0.03
130.5 193.5 77.2 93.8 0.915 0.057 0.03
132.5 195.5 79.0 93.4 0.933 0.062 0.00
134.5 197.5 75.0 93.1 0.933 0.064 0.05
138.5 199.5 74.6 92.8 0.932 0.067 0.03
140.5 201.5 74.6 93.1 0.917 0.063 0.02
142.5 203.5 76.1 92.8 0.931 0.067 0.00
144.5 205.5 74.2 92.9 0.929 0.066 0.00
146.5 207.5 74.2 92.9 0.924 0.066 0.02
148.5 209.5 76.8 92.9 0.977 0.069 0.00
150.5 211.5 74.6 92.8 0.930 0.067 0.02
152.5 213.5 75.8 93.3 0.930 0.062 0.02
154.5 215.5 74.2 93.1 0.956 0.066 0.03
156.5 217.5 75.4 93.2 0.950 0.065 0.00
158.5 219.5 75.8 93.4 0.933 0.062 0.00
160.5 221.5 78.3 93.4 0.910 0.060 0.02
162.5 223.5 73.8 93.0 0.928 0.065 0.00
164.5 225.5 74.2 92.9 0.932 0.066 0.05
166.5 227.5 72.6 92.2 0.932 0.073 0.02
168.5 229.5 71.8 91.7 0.938 0.078 0.02
170.5 231.5 67.6 91.6 0.876 0.074 0.04
172.5 233.5 67.5 91.5 0.936 0.080 0.00
174.5 235.5 64.4 90.8 0.945 0.087 0.02
176.5 237.5 65.1 90.8 0.930 0.086 0.03
178.5 239.5 64.9 91.0 0.858 0.077 0.05
180.5 241.5 65.5 91.0 0.929 0.084 0.02
182.5 243.5 81.3 91.9 0.924 0.075 0.17
184.5 245.5 69.2 91.7 0.938 0.078 0.02
186.5 247.5 73.9 92.4 0.910 0.069 0.03
188.5 249.5 77.6 92.7 0.917 0.067 0.03
190.5 251.5 79.4 93.1 0.919 0.063 0.03
192.5 253.5 87.0 94.2 0.927 0.054 0.00
194.5 255.5 82.4 94.5 0.923 0.051 0.00
Table D-3.  Continued for core 7.
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Core 
Depth 
Composite 
Core Depth 
Organic 
Content
Water 
Content
Wet Bulk 
Density
Dry Bulk 
Density
Carbonate 
Content
(cm) (cm) (%) (%) (g/cc) (g/cc) (%)
196.5 257.5 84.6 94.4 0.929 0.052 0.00
198.5 259.5 84.6 94.4 0.925 0.052 0.03
200.5 261.5 86.0 94.5 0.912 0.050 0.03
202.5 263.5 85.1 94.8 0.912 0.047 0.00
204.5 265.5 84.6 94.4 0.923 0.052 0.03
206.5 267.5 86.3 94.5 0.929 0.051 0.00
208.5 269.5 81.8 94.1 0.940 0.055 0.03
210.5 271.5 84.3 94.5 0.926 0.051 0.03
212.5 273.5 83.0 94.2 0.917 0.053 0.00
214.5 275.5 83.6 94.0 0.923 0.055 0.00
216.5 277.5 83.3 94.2 0.929 0.054 0.02
218.5 279.5 84.1 94.1 0.745 0.044 0.00
220.5 281.5 88.2 94.5 0.921 0.051 0.03
222.5 283.5 84.9 94.2 0.915 0.053 0.00
224.5 285.5 83.7 94.6 0.907 0.049 0.02
226.5 287.5 82.7 94.4 0.932 0.052 0.05
228.5 289.5 84.9 94.3 0.924 0.053 0.02
230.5 291.5 84.9 94.3 0.927 0.053 0.03
232.5 293.5 86.0 94.6 0.922 0.050 0.00
234.5 295.5 85.2 94.3 0.944 0.054 0.00
236.5 297.5 84.6 94.4 0.923 0.052 0.03
238.5 299.5 82.7 94.3 0.920 0.052 0.03
240.5 301.5 84.6 94.3 0.910 0.052 0.00
242.5 303.5 84.6 94.3 0.917 0.052 0.02
244.5 305.5 84.3 94.2 0.873 0.051 0.00
246.5 307.5 82.5 93.9 0.933 0.057 0.00
248.5 309.5 80.7 93.8 0.915 0.057 0.00
250.5 311.5 82.5 93.9 0.934 0.057 0.02
252.5 313.5 81.4 93.6 0.917 0.059 0.00
254.5 315.5 82.8 93.8 0.928 0.058 0.00
256.5 317.5 85.7 94.0 0.930 0.056 0.00
258.5 319.5 83.6 94.0 0.918 0.055 0.02
260.5 321.5 85.7 94.0 0.928 0.056 0.00
262.5 323.5 86.0 93.8 0.925 0.057 0.00
264.5 325.5 84.5 93.8 0.937 0.058 0.02
266.5 327.5 84.2 93.8 0.920 0.057 0.02
Table D-3.  Continued for core 7.
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Core 
Depth 
Composite 
Core Depth 
Organic 
Content
Water 
Content
Wet Bulk 
Density
Dry Bulk 
Density
Carbonate 
Content
(cm) (cm) (%) (%) (g/cc) (g/cc) (%)
268.5 329.5 83.9 93.3 0.924 0.062 0.00
270.5 331.5 86.0 93.9 0.938 0.057 0.00
272.5 333.5 82.7 94.4 0.928 0.052 0.00
274.5 335.5 86.2 93.8 0.934 0.058 0.00
276.5 337.5 83.9 94.0 0.940 0.056 0.02
278.5 339.5 81.8 94.0 0.911 0.055 0.03
280.5 341.5 83.9 93.4 0.940 0.062 0.00
Table D-3.  Continued for core 7.
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Core 
Depth 
Composite 
Core Depth 
Organic 
Content
Water 
Content
Wet Bulk 
Density
Dry Bulk 
Density
Carbonate 
Content
(cm) (cm) (%) (%) (g/cc) (g/cc) (%)
5.5 54.7 43.9 89.1 0.903 0.098 0.08
10.5 58.9 44.6 89.1 0.929 0.101 0.09
15.5 63.9 49.4 90.6 0.922 0.087 0.07
25.5 74.0 56.4 91.3 0.896 0.078 0.10
32.5 81.0 56.8 91.1 0.909 0.081 0.05
44.5 98.5 45.5 89.1 0.928 0.101 0.18
59.5 114.2 59.0 91.1 0.933 0.083 0.02
73.5 128.6 65.1 93.1 0.908 0.063 0.05
80.5 137.9 79.2 94.2 0.911 0.053 0.00
102.5 165.5 78.2 93.9 0.896 0.055 0.00
120.5 183.5 78.6 93.9 0.920 0.056 0.00
138.5 199.5 74.6 92.8 0.927 0.067 0.00
150.5 211.5 73.1 92.8 0.928 0.067 0.00
160.5 221.5 75.0 93.0 0.915 0.064 0.02
170.5 231.5 67.5 91.3 0.951 0.083 0.05
180.5 241.5 69.9 91.3 0.953 0.083 0.02
190.5 251.5 81.5 92.8 0.905 0.065 0.00
204.5 265.5 87.8 94.6 0.911 0.049 0.00
232.5 293.5 84.9 94.2 0.913 0.053 0.02
258.5 319.5 83.9 94.0 0.930 0.056 0.02
Table D-4.  Sediment loss-on-ignition results for core 7 replicates.
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Core 
Depth 
Composite 
Core Depth 
Organic 
Content
Water 
Content
Wet Bulk 
Density
Dry Bulk 
Density
Carbonate 
Content
(cm) (cm) (%) (%) (g/cc) (g/cc) (%)
0.5 163.5 73.4 93.0 0.917 0.064 0.00
1.5 164.5 74.2 93.4 0.940 0.062 0.03
2.5 165.5 74.6 93.6 0.927 0.059 0.06
3.5 166.5 74.6 93.8 0.948 0.059 0.03
4.5 167.5 74.6 93.6 0.924 0.059 0.06
5.5 168.5 76.8 93.9 0.911 0.056 0.00
6.5 169.5 72.4 93.9 0.954 0.058 0.05
7.5 170.5 77.8 94.2 0.936 0.054 0.00
8.5 171.5 78.8 94.5 0.947 0.052 0.00
9.5 172.5 77.4 94.3 0.932 0.053 0.02
10.5 173.5 75.5 94.1 0.897 0.053 0.00
11.5 174.5 75.0 94.0 0.933 0.056 0.03
12.5 175.5 75.0 93.9 0.917 0.056 0.03
13.5 176.5 72.9 93.7 0.935 0.059 0.05
14.5 177.5 73.0 93.3 0.941 0.063 0.00
15.5 178.5 72.1 93.5 0.937 0.061 0.03
16.5 179.5 73.3 93.7 0.954 0.060 0.00
17.5 180.5 74.1 93.7 0.914 0.058 0.03
18.5 181.5 75.9 93.7 0.927 0.058 0.00
19.5 182.5 75.9 93.9 0.946 0.058 0.00
20.5 183.5 74.5 93.8 0.891 0.055 0.03
21.5 184.5 73.7 94.0 0.945 0.057 0.03
22.5 185.5 73.3 93.7 0.948 0.060 0.02
23.5 186.5 77.2 94.0 0.949 0.057 0.00
24.5 187.5 75.9 93.8 0.933 0.058 0.03
25.5 188.5 75.9 94.2 0.926 0.054 0.00
26.5 189.5 75.4 94.0 0.948 0.057 0.05
27.5 190.5 76.7 93.5 0.929 0.060 0.00
28.5 191.5 75.9 93.8 0.928 0.058 0.00
29.5 192.5 75.4 93.7 0.902 0.057 0.00
30.5 193.5 72.6 93.4 0.937 0.062 0.03
31.5 194.5 74.6 93.2 0.924 0.063 0.00
32.5 195.5 73.8 93.1 0.946 0.065 0.00
33.5 196.5 72.6 93.1 0.900 0.062 0.00
34.5 197.5 70.6 92.7 0.928 0.068 0.02
35.5 198.5 71.6 92.7 0.923 0.067 0.00
Table D-5.  Sediment loss-on-ignition results for core 8.
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Core 
Depth 
Composite 
Core Depth 
Organic 
Content
Water 
Content
Wet Bulk 
Density
Dry Bulk 
Density
Carbonate 
Content
(cm) (cm) (%) (%) (g/cc) (g/cc) (%)
36.5 199.5 70.6 92.8 0.947 0.068 0.00
37.5 200.5 70.6 92.6 0.914 0.068 0.03
38.5 201.5 66.7 92.4 0.906 0.069 0.00
39.5 202.5 70.4 92.3 0.923 0.071 0.00
40.5 203.5 70.6 92.4 0.891 0.068 0.02
41.5 204.5 72.1 92.7 0.930 0.068 0.00
42.5 205.5 72.5 92.5 0.917 0.069 0.00
43.5 206.5 72.7 92.8 0.922 0.066 0.02
44.5 207.5 73.5 92.7 0.935 0.068 0.00
45.5 208.5 72.5 92.6 0.934 0.069 0.00
46.5 209.5 71.4 92.7 0.953 0.070 0.03
47.5 210.5 71.6 92.7 0.912 0.067 0.02
48.5 211.5 73.8 93.0 0.924 0.065 0.02
49.5 212.5 73.8 93.0 0.934 0.065 0.00
50.5 213.5 72.6 93.2 0.912 0.062 0.02
51.5 214.5 73.1 93.0 0.961 0.067 0.02
52.5 215.5 75.0 93.3 0.955 0.064 0.00
53.5 216.5 74.6 93.2 0.929 0.063 0.00
54.5 217.5 74.6 93.3 0.935 0.063 0.03
55.5 218.5 75.0 93.5 0.919 0.060 0.02
56.5 219.5 75.4 93.5 0.944 0.061 0.03
57.5 220.5 75.0 93.2 0.942 0.064 0.00
58.5 221.5 75.8 93.3 0.931 0.062 0.00
59.5 222.5 73.1 93.0 0.960 0.067 0.02
60.5 223.5 73.0 93.0 0.902 0.063 0.00
61.5 224.5 75.0 92.5 0.909 0.068 0.00
62.5 225.5 70.4 92.3 0.917 0.071 0.02
63.5 226.5 68.5 92.0 0.915 0.073 0.02
64.5 227.5 68.9 92.0 0.925 0.074 0.05
65.5 228.5 68.5 92.0 0.911 0.073 0.00
66.5 229.5 67.1 91.8 0.932 0.076 0.00
67.5 230.5 63.3 91.5 0.934 0.079 0.07
68.5 231.5 62.7 91.3 0.954 0.083 0.05
69.5 232.5 63.3 91.3 0.912 0.079 0.02
70.5 233.5 63.4 91.3 0.942 0.082 0.00
71.5 234.5 63.0 91.5 0.949 0.081 0.00
Table D-5.  Continued for core 8.
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Core 
Depth 
Composite 
Core Depth 
Organic 
Content
Water 
Content
Wet Bulk 
Density
Dry Bulk 
Density
Carbonate 
Content
(cm) (cm) (%) (%) (g/cc) (g/cc) (%)
72.5 235.5 63.4 91.3 0.945 0.082 0.03
73.5 236.5 65.5 91.1 0.946 0.084 0.00
74.5 237.5 65.0 91.5 0.945 0.080 0.05
75.5 238.5 66.7 91.8 0.915 0.075 0.02
76.5 239.5 63.9 91.1 0.932 0.083 0.04
77.5 240.5 65.8 91.6 0.942 0.079 0.02
78.5 241.5 65.1 91.2 0.938 0.083 0.00
79.5 242.5 65.9 91.2 0.962 0.085 0.00
80.5 243.5 65.0 91.1 0.900 0.080 0.00
81.5 244.5 62.2 91.2 0.936 0.082 0.07
82.5 245.5 66.7 91.5 0.922 0.078 0.00
83.5 246.5 63.2 90.8 0.949 0.087 0.05
84.5 247.5 65.8 91.3 0.912 0.079 0.03
85.5 248.5 67.5 91.2 0.941 0.083 0.02
86.5 249.5 67.1 91.6 0.936 0.079 0.00
87.5 250.5 68.8 91.7 0.933 0.077 0.00
88.5 251.5 74.3 92.1 0.936 0.074 0.03
89.5 252.5 73.3 92.0 0.933 0.075 0.00
90.5 253.5 75.0 92.2 0.922 0.072 0.00
91.5 254.5 77.6 92.7 0.923 0.067 0.02
92.5 255.5 78.8 93.0 0.942 0.066 0.03
93.5 256.5 79.0 93.1 0.897 0.062 0.02
94.5 257.5 82.5 93.9 0.933 0.057 0.03
95.5 258.5 82.5 93.8 0.912 0.057 0.03
96.5 259.5 81.8 94.0 0.914 0.055 0.03
97.5 260.5 83.9 94.0 0.939 0.056 0.00
98.5 261.5 81.0 93.8 0.937 0.058 0.03
99.5 262.5 83.1 93.7 0.941 0.059 0.00
100.5 263.5 83.1 93.7 0.942 0.059 0.03
102.5 265.5 84.9 94.3 0.924 0.053 0.02
104.5 267.5 83.6 94.0 0.923 0.055 0.03
106.5 269.5 84.9 94.2 0.910 0.053 0.03
108.5 271.5 83.9 94.0 0.938 0.056 0.02
110.5 273.5 84.9 94.3 0.932 0.053 0.00
112.5 275.5 83.6 94.1 0.927 0.055 0.00
114.5 277.5 83.3 94.1 0.919 0.054 0.00
Table D-5.  Continued for core 8.
211
Core 
Depth 
Composite 
Core Depth 
Organic 
Content
Water 
Content
Wet Bulk 
Density
Dry Bulk 
Density
Carbonate 
Content
(cm) (cm) (%) (%) (g/cc) (g/cc) (%)
116.5 279.5 83.3 94.2 0.928 0.054 0.03
118.5 281.5 84.6 94.4 0.923 0.052 0.00
120.5 283.5 84.6 94.4 0.927 0.052 0.00
122.5 285.5 84.9 94.4 0.943 0.053 0.03
124.5 287.5 82.7 94.4 0.924 0.052 0.03
126.5 289.5 83.0 94.2 0.915 0.053 0.06
128.5 291.5 82.1 94.0 0.932 0.056 0.03
130.5 293.5 81.5 94.1 0.910 0.054 0.02
132.5 295.5 80.4 93.9 0.924 0.056 0.02
134.5 297.5 82.1 94.0 0.928 0.056 0.02
136.5 299.5 82.0 93.6 0.947 0.061 0.00
138.5 301.5 83.6 94.0 0.917 0.055 0.00
140.5 303.5 83.3 94.0 0.905 0.054 0.02
142.5 305.5 74.6 93.7 0.934 0.059 0.06
144.5 307.5 80.4 93.9 0.922 0.056 0.03
146.5 309.5 78.9 93.9 0.931 0.057 0.00
148.5 311.5 82.3 93.4 0.933 0.062 0.00
150.5 313.5 82.5 93.8 0.925 0.057 0.06
152.5 315.5 83.9 94.1 0.943 0.056 0.00
154.5 317.5 84.2 94.0 0.950 0.057 0.00
156.5 319.5 80.7 93.9 0.934 0.057 0.00
158.5 321.5 83.3 94.2 0.931 0.054 0.00
160.5 323.5 81.1 94.2 0.921 0.053 0.00
162.5 325.5 80.7 93.9 0.940 0.057 0.03
164.5 327.5 82.1 94.1 0.942 0.056 0.02
166.5 329.5 82.1 93.9 0.920 0.056 0.03
168.5 331.5 83.6 94.1 0.930 0.055 0.02
170.5 333.5 81.4 93.7 0.934 0.059 0.00
172.5 335.5 82.5 93.9 0.937 0.057 0.02
174.5 337.5 81.4 93.7 0.937 0.059 0.03
176.5 339.5 82.0 93.5 0.937 0.061 0.00
178.5 341.5 84.5 93.6 0.913 0.058 0.00
180.5 343.5 82.8 93.9 0.945 0.058 0.00
182.5 345.5 85.7 94.0 0.934 0.056 0.00
184.5 347.5 83.3 94.1 0.921 0.054 0.06
186.5 349.5 85.2 94.1 0.908 0.054 0.00
Table D-5.  Continued for core 8.
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Core 
Depth 
Composite 
Core Depth 
Organic 
Content
Water 
Content
Wet Bulk 
Density
Dry Bulk 
Density
Carbonate 
Content
(cm) (cm) (%) (%) (g/cc) (g/cc) (%)
188.5 351.5 83.9 94.1 0.946 0.056 0.00
190.5 353.5 81.0 93.7 0.926 0.058 0.00
192.5 355.5 79.0 93.4 0.946 0.062 0.00
194.5 357.5 80.6 93.5 0.951 0.062 0.03
196.5 359.5 79.7 93.5 0.914 0.059 0.02
198.5 361.5 79.4 93.3 0.940 0.063 0.00
200.5 363.5 77.8 93.2 0.930 0.063 0.00
202.5 365.5 79.3 93.7 0.915 0.058 0.02
204.5 367.5 79.0 93.5 0.949 0.062 0.03
206.5 369.5 77.4 93.3 0.931 0.062 0.03
208.5 371.5 76.1 92.8 0.931 0.067 0.03
210.5 373.5 77.6 92.9 0.946 0.067 0.02
212.5 375.5 77.4 93.3 0.924 0.062 0.00
214.5 377.5 78.7 93.3 0.906 0.061 0.02
216.5 379.5 80.7 93.8 0.920 0.057 0.02
218.5 381.5 78.3 93.6 0.932 0.060 0.03
220.5 383.5 75.4 93.4 0.920 0.061 0.05
222.5 385.5 78.9 93.8 0.921 0.057 0.02
224.5 387.5 80.0 93.7 0.948 0.060 0.05
226.5 389.5 80.3 93.5 0.938 0.061 0.00
228.5 391.5 79.0 93.4 0.937 0.062 0.03
230.5 393.5 76.9 93.0 0.925 0.065 0.00
232.5 395.5 78.1 93.1 0.921 0.064 0.00
234.5 397.5 76.6 92.9 0.904 0.064 0.00
236.5 399.5 77.9 92.8 0.947 0.068 0.00
238.5 401.5 76.1 92.7 0.921 0.067 0.00
240.5 403.5 73.2 92.7 0.970 0.071 0.03
242.5 405.5 74.6 92.8 0.937 0.067 0.00
244.5 407.5 76.8 92.5 0.925 0.069 0.00
246.5 409.5 74.6 92.6 0.906 0.067 0.03
248.5 411.5 78.8 93.0 0.948 0.066 0.00
250.5 413.5 76.1 92.7 0.917 0.067 0.03
252.5 415.5 78.3 93.5 0.927 0.060 0.00
254.5 417.5 71.8 92.5 0.951 0.071 0.02
256.5 419.5 75.7 92.6 0.952 0.070 0.00
258.5 421.5 74.2 93.0 0.941 0.066 0.03
Table D-5.  Continued for core 8.
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Core 
Depth 
Composite 
Core Depth 
Organic 
Content
Water 
Content
Wet Bulk 
Density
Dry Bulk 
Density
Carbonate 
Content
(cm) (cm) (%) (%) (g/cc) (g/cc) (%)
260.5 423.5 73.5 92.8 0.940 0.068 0.00
262.5 425.5 75.0 92.6 0.925 0.068 0.00
264.5 427.5 75.8 92.8 0.917 0.066 0.00
266.5 429.5 73.8 93.0 0.926 0.065 0.03
268.5 431.5 80.3 93.1 0.954 0.066 0.00
270.5 433.5 81.3 93.2 0.948 0.064 0.00
Table D-5.  Continued for core 8.
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Core 
Depth 
Composite 
Core Depth 
Organic 
Content
Water 
Content
Wet Bulk 
Density
Dry Bulk 
Density
Carbonate 
Content
(cm) (cm) (%) (%) (g/cc) (g/cc) (%)
0.5 0.5 32.5 87.1 0.957 0.123 0.3
1.5 1.5 32.4 88.3 0.900 0.105 0.3
2.5 2.5 32.7 88.7 0.946 0.107 0.2
3.5 3.5 33.6 88.7 0.950 0.107 0.2
4.5 4.5 33.3 88.9 0.949 0.105 0.2
5.5 5.5 33.0 88.7 0.935 0.106 0.2
6.5 6.5 32.7 88.1 0.947 0.113 0.2
7.5 7.5 33.3 88.3 0.921 0.108 0.2
8.5 8.5 31.3 88.2 0.950 0.112 0.2
9.5 9.5 31.8 88.1 0.924 0.110 0.2
10.5 10.5 29.4 85.3 0.976 0.143 0.3
11.5 11.5 17.6 85.7 0.954 0.136 0.7
12.5 12.5 16.4 84.8 0.961 0.146 0.7
13.5 13.5 29.4 84.4 0.979 0.153 0.4
14.5 14.5 28.5 84.2 0.954 0.151 0.3
15.5 15.5 30.1 84.1 0.965 0.153 0.3
16.5 16.5 31.2 84.2 0.973 0.154 0.3
17.5 17.5 28.1 82.6 0.983 0.171 0.4
Table D-6.  Sediment loss-on-ignition results for core 15.
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Core 
Depth 
Composite 
Core Depth 
Organic 
Content
Water 
Content
Wet Bulk 
Density
Dry Bulk 
Density
Carbonate 
Content
(cm) (cm) (%) (%) (g/cc) (g/cc) (%)
0.5 0.5 22.5 89.2 0.945 0.102 0.5
1.5 1.5 21.4 88.9 0.926 0.103 0.6
2.5 2.5 23.4 88.7 0.950 0.107 0.5
3.5 3.5 20.0 88.3 0.941 0.110 0.6
4.5 4.5 20.3 87.3 0.930 0.118 0.6
5.5 5.5 22.7 87.0 0.912 0.119 0.6
6.5 6.5 19.0 85.0 0.915 0.137 0.6
7.5 7.5 23.5 87.5 0.951 0.119 0.5
8.5 8.5 25.2 88.6 0.937 0.107 0.4
9.5 9.5 21.6 88.3 0.952 0.111 0.5
10.5 10.5 22.4 87.6 0.936 0.116 0.5
11.5 11.5 20.7 87.8 0.947 0.116 0.5
12.5 12.5 25.2 87.0 0.948 0.123 0.5
13.5 13.5 24.8 87.7 0.955 0.117 0.4
14.5 14.5 18.8 85.5 0.953 0.138 0.6
15.5 15.5 17.8 83.8 0.967 0.157 0.7
16.5 16.5 18.5 83.3 0.972 0.162 0.9
Table D-7.  Sediment loss-on-ignition results for core 16.
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Core 
Depth 
Composite 
Core Depth 
Organic 
Content
Water 
Content
Wet Bulk 
Density
Dry Bulk 
Density
Carbonate 
Content
(cm) (cm) (%) (%) (g/cc) (g/cc) (%)
0.5 0.5 23.2 89.0 0.897 0.099 0.5
1.5 1.5 31.5 87.6 0.869 0.108 0.3
2.5 2.5 28.2 89.1 0.945 0.103 0.2
3.5 3.5 17.5 89.2 0.902 0.097 0.4
4.5 4.5 23.3 88.8 0.922 0.103 0.5
5.5 5.5 22.1 88.9 0.937 0.104 0.5
6.5 6.5 22.7 89.3 0.905 0.097 0.4
7.5 7.5 30.2 88.4 0.912 0.106 0.3
8.5 8.5 28.3 89.0 0.900 0.099 0.3
9.5 9.5 26.4 88.7 0.938 0.106 0.4
10.5 10.5 22.1 87.3 0.962 0.122 0.6
11.5 11.5 20.0 86.9 0.951 0.125 0.7
12.5 12.5 17.4 86.0 0.945 0.132 0.7
13.5 13.5 17.1 85.7 0.979 0.140 0.8
14.5 14.5 25.7 84.1 0.957 0.152 0.4
15.5 15.5 21.7 84.0 0.980 0.157 0.6
16.5 16.5 19.0 84.1 0.961 0.153 0.7
17.5 17.5 16.5 82.7 0.983 0.170 1.1
18.5 18.5 19.0 83.2 0.969 0.163 0.6
19.5 19.5 15.3 80.0 1.012 0.202 1.0
20.5 20.5 16.8 81.7 0.979 0.179 0.9
21.5 21.5 16.1 81.2 0.991 0.186 1.1
22.5 22.5 23.9 79.1 1.018 0.213 0.5
23.5 23.5 18.6 78.5 1.002 0.215 0.7
24.5 24.5 15.2 76.5 1.034 0.243 1.2
25.5 25.5 25.8 77.7 1.026 0.229 0.5
26.5 26.5 25.6 77.3 1.029 0.234 0.4
27.5 27.5 15.3 77.4 1.041 0.235 1.3
28.5 28.5 24.7 78.1 1.019 0.223 0.4
29.5 29.5 18.2 76.4 1.026 0.242 0.7
30.5 30.5 24.5 76.7 1.019 0.237 0.3
31.5 31.5 22.8 79.6 0.988 0.202 0.5
32.5 32.5 23.6 80.2 0.986 0.195 0.3
33.5 33.5 30.0 86.2 0.941 0.130 0.1
34.5 34.5 26.7 83.1 0.974 0.165 0.2
35.5 35.5 26.8 83.9 0.973 0.157 0.2
Table D-8.  Sediment loss-on-ignition results for core 17.
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Core 
Depth 
Composite 
Core Depth 
Organic 
Content
Water 
Content
Wet Bulk 
Density
Dry Bulk 
Density
Carbonate 
Content
(cm) (cm) (%) (%) (g/cc) (g/cc) (%)
36.5 36.5 20.9 74.8 1.025 0.258 0.3
37.5 37.5 33.8 86.4 0.958 0.130 0.1
38.5 38.5 35.2 87.0 0.961 0.125 0.1
39.5 39.5 36.3 87.8 0.927 0.113 0.1
40.5 40.5 36.5 87.6 0.928 0.115 0.1
41.5 41.5 38.2 88.3 0.940 0.110 0.1
42.5 42.5 38.7 88.6 0.931 0.106 0.1
43.5 43.5 39.2 88.9 0.921 0.102 0.1
44.5 44.5 41.0 88.7 0.929 0.105 0.1
45.5 45.5 42.7 88.9 0.929 0.103 0.1
46.5 46.5 43.1 89.2 0.948 0.102 0.1
47.5 47.5 44.2 89.0 0.943 0.104 0.1
48.5 48.5 42.5 88.7 0.941 0.106 0.1
49.5 49.5 44.0 89.2 0.925 0.100 0.1
50.5 50.5 42.2 89.2 0.944 0.102 0.2
51.5 51.5 42.5 88.8 0.950 0.106 0.1
52.5 52.5 43.1 89.1 0.932 0.102 0.1
53.5 53.5 43.3 88.9 0.938 0.104 0.1
54.5 54.5 41.0 88.8 0.937 0.105 0.2
55.5 55.5 39.1 88.3 0.943 0.110 0.3
56.5 56.5 39.6 88.3 0.945 0.111 0.2
57.5 57.5 39.1 88.3 0.938 0.110 0.2
58.5 58.5 41.6 89.2 0.931 0.101 0.2
59.5 59.5 43.0 89.4 0.941 0.100 0.2
60.5 60.5 45.0 89.5 0.950 0.100 0.1
61.5 61.5 45.0 89.4 0.943 0.100 0.1
62.5 62.5 52.4 91.1 0.925 0.082 0.1
63.5 63.5 53.6 91.0 0.937 0.084 0.0
64.5 64.5 54.8 91.0 0.930 0.084 0.0
65.5 65.5 53.5 90.8 0.938 0.086 0.0
66.5 66.5 51.2 90.9 0.942 0.086 0.1
67.5 67.5 53.6 91.0 0.932 0.084 0.1
68.5 68.5 53.6 91.0 0.938 0.084 0.1
69.5 69.5 54.0 90.8 0.950 0.087 0.0
70.5 70.5 54.7 91.0 0.960 0.086 0.0
71.5 71.5 54.7 90.9 0.947 0.086 0.0
Table D-8.  Continued for core 17.
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Core 
Depth 
Composite 
Core Depth 
Organic 
Content
Water 
Content
Wet Bulk 
Density
Dry Bulk 
Density
Carbonate 
Content
(cm) (cm) (%) (%) (g/cc) (g/cc) (%)
72.5 72.5 54.7 90.9 0.944 0.086 0.0
73.5 73.5 60.3 91.6 0.926 0.078 0.0
74.5 74.5 58.7 91.9 0.931 0.075 0.1
75.5 75.5 61.3 92.0 0.936 0.075 0.0
76.5 76.5 62.3 91.8 0.938 0.077 0.0
77.5 77.5 60.5 91.8 0.926 0.076 0.0
78.5 78.5 60.3 91.7 0.939 0.078 0.0
79.5 79.5 58.4 91.7 0.924 0.077 0.0
80.5 80.5 56.8 91.5 0.948 0.081 0.0
81.5 81.5 51.1 90.1 0.932 0.092 0.1
82.5 82.5 48.5 89.9 0.960 0.097 0.1
83.5 83.5 44.6 89.5 0.965 0.101 0.2
84.5 84.5 46.4 89.9 0.960 0.097 0.2
85.5 85.5 48.4 90.4 0.965 0.093 0.2
86.5 86.5 50.0 90.3 0.949 0.092 0.1
87.5 87.5 46.7 90.3 0.945 0.092 0.2
88.5 88.5 50.5 90.0 0.954 0.095 0.1
89.5 89.5 51.2 91.1 0.942 0.084 0.1
90.5 90.5 50.6 91.0 0.963 0.087 0.1
91.5 91.5 51.6 90.4 0.952 0.091 0.1
92.5 92.5 51.1 90.5 0.948 0.090 0.1
93.5 93.5 49.5 90.4 0.947 0.091 0.2
94.5 94.5 47.9 90.2 0.958 0.094 0.2
95.5 95.5 49.5 90.3 0.940 0.091 0.1
96.5 96.5 44.0 89.6 0.959 0.100 0.2
97.5 97.5 42.7 89.0 0.939 0.103 0.3
98.5 98.5 44.3 89.6 0.936 0.097 0.3
99.5 99.5 45.5 89.3 0.945 0.101 0.1
100.5 100.5 43.5 88.7 0.958 0.108 0.2
102.5 102.5 46.4 89.7 0.941 0.097 0.2
104.5 104.5 50.0 90.5 0.943 0.090 0.1
106.5 106.5 51.2 91.0 0.954 0.086 0.1
108.5 108.5 49.4 90.5 0.933 0.089 0.1
110.5 110.5 48.3 90.3 0.914 0.089 0.1
112.5 112.5 49.5 90.3 0.934 0.091 0.1
114.5 114.5 50.6 91.1 0.929 0.083 0.1
Table D-8.  Continued for core 17.
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Core 
Depth 
Composite 
Core Depth 
Organic 
Content
Water 
Content
Wet Bulk 
Density
Dry Bulk 
Density
Carbonate 
Content
(cm) (cm) (%) (%) (g/cc) (g/cc) (%)
116.5 116.5 50.0 90.9 0.941 0.086 0.1
118.5 118.5 47.1 90.6 0.930 0.087 0.1
120.5 120.5 50.0 91.5 0.922 0.078 0.1
122.5 122.5 51.3 91.6 0.925 0.078 0.1
124.5 124.5 53.9 91.8 0.931 0.076 0.1
126.5 126.5 54.5 91.6 0.922 0.077 0.1
128.5 128.5 54.7 92.0 0.936 0.075 0.1
130.5 130.5 60.6 92.9 0.932 0.066 0.1
132.5 132.5 66.7 93.5 0.917 0.060 0.0
134.5 134.5 75.0 94.4 0.923 0.052 0.0
136.5 136.5 77.6 94.7 0.918 0.049 0.0
138.5 138.5 74.0 94.5 0.901 0.050 0.0
140.5 140.5 70.4 94.1 0.923 0.054 0.1
142.5 142.5 68.5 94.1 0.918 0.054 0.1
144.5 144.5 64.9 93.7 0.911 0.057 0.0
146.5 146.5 67.2 93.6 0.913 0.058 0.0
148.5 148.5 63.8 93.7 0.925 0.058 0.1
150.5 150.5 61.0 93.5 0.901 0.059 0.0
152.5 152.5 66.1 93.9 0.912 0.056 0.0
Table D-8.  Continued for core 17.
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Core 
Depth 
Composite 
Core Depth 
Organic 
Content
Water 
Content
Wet Bulk 
Density
Dry Bulk 
Density
Carbonate 
Content
(cm) (cm) (%) (%) (g/cc) (g/cc) (%)
1.5 1.5 23.6 84.8 0.948 0.144 0.7
10.5 10.5 24.2 86.2 0.926 0.128 0.5
20.5 20.5 17.5 79.9 0.964 0.194 0.9
30.5 30.5 15.2 74.6 1.037 0.263 1.1
40.5 40.5 37.7 86.3 0.952 0.130 0.2
50.5 50.5 45.3 88.4 0.914 0.106 0.1
60.5 60.5 48.1 88.5 0.923 0.106 0.2
70.5 70.5 55.9 90.0 0.934 0.093 0.1
80.5 80.5 56.8 90.5 0.923 0.088 0.1
90.5 90.5 53.8 90.0 0.914 0.091 0.2
100.5 100.5 46.4 88.3 0.955 0.112 0.2
110.5 110.5 51.5 89.4 0.913 0.097 0.1
120.5 120.5 54.2 90.9 0.914 0.083 0.1
130.5 130.5 58.0 91.3 0.934 0.081 0.1
140.5 140.5 71.4 93.3 0.935 0.063 0.0
Table D-9.  Sediment loss-on-ignition results for core 17 replicates.
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Core 
Depth 
Composite 
Core Depth 
Organic 
Content
Water 
Content
Wet Bulk 
Density
Dry Bulk 
Density
Carbonate 
Content
(cm) (cm) (%) (%) (g/cc) (g/cc) (%)
0.5 0.5 25.2 87.6 0.963 0.119 0.6
1.5 1.5 25.8 87.3 0.948 0.120 0.4
2.5 2.5 27.0 86.7 0.946 0.126 0.4
3.5 3.5 28.0 86.3 0.960 0.132 0.4
4.5 4.5 32.8 86.2 0.952 0.131 0.2
5.5 5.5 31.5 86.6 0.951 0.127 0.3
6.5 6.5 26.3 86.0 0.976 0.137 0.5
7.5 7.5 30.9 85.8 0.955 0.136 0.3
8.5 8.5 31.9 85.8 0.950 0.135 0.2
9.5 9.5 32.1 85.0 0.913 0.137 0.2
10.5 10.5 31.5 84.9 0.964 0.146 0.4
11.5 11.5 28.5 85.2 0.970 0.144 0.3
12.5 12.5 31.9 85.1 0.949 0.141 0.2
13.5 13.5 31.7 85.3 0.946 0.139 0.2
14.5 14.5 30.2 84.7 0.975 0.149 0.2
15.5 15.5 30.7 83.3 0.977 0.163 0.2
16.5 16.5 30.9 83.0 0.972 0.165 0.3
17.5 17.5 30.6 82.6 0.992 0.173 0.3
Table D-10.  Sediment loss-on-ignition results for core 18.
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Core 
Depth 
Composite 
Core Depth 
Organic 
Content
Water 
Content
Wet Bulk 
Density
Dry Bulk 
Density
Carbonate 
Content
(cm) (cm) (%) (%) (g/cc) (g/cc) (%)
0.5 6.3 32.1 85.6 0.970 0.140 0.4
1.5 7.2 30.2 85.6 0.966 0.139 0.5
2.5 8.2 31.2 85.3 0.939 0.138 0.4
3.5 9.2 31.9 85.5 0.931 0.135 0.3
4.5 10.1 30.2 85.4 0.955 0.139 0.4
5.5 11.1 31.2 85.4 0.969 0.141 0.4
6.5 12.0 31.1 86.0 0.966 0.135 0.4
7.5 13.0 32.4 85.3 0.963 0.142 0.4
8.5 13.9 30.2 85.5 0.957 0.139 0.3
9.5 14.9 24.8 84.9 0.962 0.145 0.4
10.5 15.8 24.8 84.6 0.939 0.145 0.5
11.5 16.8 23.3 84.6 0.950 0.146 0.6
12.5 17.7 24.1 85.1 0.971 0.145 0.6
13.5 18.7 23.8 84.4 0.945 0.147 0.6
14.5 19.7 24.0 84.2 0.950 0.150 0.5
15.5 20.6 29.7 83.7 0.950 0.155 0.3
16.5 21.6 24.7 84.3 0.931 0.146 0.4
17.5 22.5 25.3 84.0 0.986 0.158 0.6
18.5 23.5 24.7 83.9 0.954 0.154 0.6
19.5 24.4 24.8 83.9 0.973 0.157 0.7
20.5 25.4 24.8 84.1 0.963 0.153 0.6
21.5 26.3 24.7 84.0 0.965 0.154 0.6
22.5 27.3 24.3 83.8 0.939 0.152 0.7
23.5 28.2 24.8 84.1 0.965 0.153 0.6
24.5 29.2 24.4 83.7 0.956 0.156 0.6
25.5 30.2 24.4 83.4 0.989 0.164 0.5
26.5 32.0 37.2 88.1 0.951 0.113 0.2
27.5 34.1 34.7 87.2 0.948 0.121 0.2
28.5 36.2 29.9 86.6 0.950 0.127 0.2
29.5 38.3 31.0 86.6 0.937 0.126 0.3
30.5 40.4 33.3 87.5 0.936 0.117 0.2
31.5 41.9 34.2 87.5 0.939 0.117 0.2
32.5 43.3 35.3 87.8 0.947 0.116 0.1
33.5 44.8 36.6 88.1 0.940 0.112 0.1
34.5 46.3 32.2 87.1 0.939 0.121 0.2
35.5 47.7 32.1 86.4 0.966 0.131 0.2
Table D-11.  Sediment loss-on-ignition results for core 19.
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Core 
Depth 
Composite 
Core Depth 
Organic 
Content
Water 
Content
Wet Bulk 
Density
Dry Bulk 
Density
Carbonate 
Content
(cm) (cm) (%) (%) (g/cc) (g/cc) (%)
36.5 49.2 30.5 86.3 0.935 0.128 0.2
37.5 50.7 32.6 86.1 0.949 0.132 0.3
38.5 52.1 31.4 85.5 0.964 0.140 0.2
39.5 53.6 34.8 87.8 0.939 0.115 0.1
40.5 55.1 37.0 88.5 0.942 0.108 0.2
41.5 56.5 37.5 87.4 0.955 0.120 0.2
42.5 58.0 39.4 88.3 0.931 0.109 0.1
43.5 59.5 36.5 87.6 0.931 0.115 0.2
44.5 60.9 43.3 88.5 0.903 0.104 0.0
45.5 62.4 45.5 89.5 0.939 0.099 0.1
46.5 63.9 47.0 89.3 0.937 0.100 0.1
47.5 65.3 50.6 90.4 0.930 0.089 0.0
48.5 66.8 53.5 90.8 0.936 0.086 0.0
49.5 68.3 54.2 91.1 0.933 0.083 0.0
50.5 69.8 55.6 91.3 0.930 0.081 0.0
51.5 71.2 58.7 91.5 0.941 0.080 0.0
52.5 72.7 62.9 92.4 0.927 0.070 0.0
53.5 74.2 62.5 93.0 0.908 0.064 0.0
54.5 75.6 66.2 93.0 0.928 0.065 0.0
55.5 77.1 64.7 92.7 0.936 0.068 0.1
56.5 78.6 64.7 92.6 0.916 0.068 0.0
57.5 80.0 61.6 92.2 0.937 0.073 0.1
58.5 81.4 60.5 91.8 0.928 0.076 0.1
59.5 82.8 55.3 91.1 0.951 0.085 0.1
60.5 84.2 56.0 90.9 0.924 0.084 0.1
61.5 85.6 59.5 91.5 0.927 0.079 0.1
62.5 87.0 53.5 90.8 0.932 0.086 0.2
63.5 88.4 54.7 90.9 0.942 0.086 0.1
64.5 89.7 59.2 91.6 0.906 0.076 0.1
65.5 91.1 57.5 91.5 0.941 0.080 0.1
66.5 92.5 59.7 91.7 0.923 0.077 0.0
67.5 93.9 60.5 91.4 0.947 0.081 0.0
68.5 95.3 60.3 91.7 0.940 0.078 0.0
69.5 96.7 58.6 90.9 0.957 0.087 0.0
70.5 98.0 54.0 90.8 0.943 0.087 0.1
71.5 99.4 55.1 90.4 0.929 0.089 0.1
Table D-11.  Continued for core 19.
224
Core 
Depth 
Composite 
Core Depth 
Organic 
Content
Water 
Content
Wet Bulk 
Density
Dry Bulk 
Density
Carbonate 
Content
(cm) (cm) (%) (%) (g/cc) (g/cc) (%)
72.5 100.8 55.3 90.1 0.948 0.094 0.1
73.5 102.2 50.0 89.3 0.956 0.102 0.2
74.5 103.6 52.1 89.9 0.935 0.094 0.1
75.5 104.9 60.0 90.9 0.934 0.085 0.0
76.5 105.9 63.0 91.4 0.938 0.081 0.0
77.5 106.9 63.2 92.0 0.952 0.076 0.0
78.5 108.0 64.9 91.9 0.954 0.077 0.0
79.5 109.0 64.1 91.8 0.955 0.078 0.0
80.5 110.0 63.3 91.6 0.939 0.079 0.0
81.5 111.0 62.8 91.6 0.925 0.078 0.0
82.5 112.1 64.5 92.0 0.949 0.076 0.1
83.5 113.1 66.2 91.9 0.948 0.077 0.0
84.5 114.1 64.6 91.6 0.946 0.079 0.0
85.5 115.1 61.0 91.3 0.942 0.082 0.0
86.5 116.1 62.7 91.3 0.949 0.083 0.0
87.5 117.2 64.3 91.2 0.950 0.084 0.0
88.5 118.2 65.4 91.4 0.939 0.081 0.0
89.5 119.2 62.3 91.7 0.923 0.077 0.1
90.5 120.2 64.1 91.7 0.939 0.078 0.1
91.5 121.3 64.1 91.7 0.941 0.078 0.0
92.5 122.3 61.7 91.6 0.959 0.081 0.1
93.5 123.3 62.8 91.8 0.948 0.078 0.0
94.5 124.3 63.0 91.3 0.936 0.081 0.0
95.5 125.4 59.8 91.1 0.925 0.082 0.1
96.5 126.4 64.2 91.4 0.947 0.081 0.0
97.5 127.4 64.9 91.8 0.943 0.077 0.0
98.5 128.4 67.9 91.7 0.936 0.078 0.0
99.5 129.4 68.4 91.7 0.916 0.076 0.0
100.5 130.5 65.8 91.5 0.933 0.079 0.1
Table D-11.  Continued for core 19.
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Core 
Depth 
Composite 
Core Depth 
Organic 
Content
Water 
Content
Wet Bulk 
Density
Dry Bulk 
Density
Carbonate 
Content
(cm) (cm) (%) (%) (g/cc) (g/cc) (%)
0.5 0.5 20.8 87.0 0.965 0.125 0.6
1.5 1.5 19.5 87.1 0.950 0.123 0.5
2.5 2.5 21.1 86.9 0.938 0.123 0.5
3.5 3.5 20.6 86.3 0.954 0.131 0.5
4.5 4.5 19.6 85.1 0.958 0.143 0.7
5.5 5.5 19.6 85.0 0.956 0.143 0.6
6.5 6.5 19.3 84.3 0.957 0.150 0.7
7.5 7.5 19.9 84.3 0.963 0.151 0.8
8.5 8.5 20.3 84.3 0.945 0.148 0.6
9.5 9.5 20.4 84.2 0.959 0.152 0.8
10.5 10.5 20.5 84.0 0.974 0.156 0.7
11.5 11.5 19.4 83.5 0.972 0.160 0.8
12.5 12.5 19.5 83.2 0.975 0.164 0.7
13.5 13.5 19.3 82.0 0.976 0.176 0.8
14.5 14.5 18.5 82.5 0.987 0.173 0.9
15.5 15.5 19.4 82.5 0.972 0.170 0.9
16.5 16.5 18.4 81.9 0.989 0.179 1.0
Table D-12.  Sediment loss-on-ignition results for core 20.
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Core 
Depth 
Composite 
Core Depth Value
(cm) (cm) (10-5 SI units)
0 0 0.7
3 3 1.3
6 6 1.8
9 9 2.3
12 12 1.5
Table D-13. Whole-core magnetic 
susceptibility (K) results for core 5.
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Core 
Depth 
Composite 
Core Depth Value
(cm) (cm) (10-5 SI units)
2.5 2.5 1.2
5.5 5.5 1.8
8.5 8.5 2.3
11.5 11.5 3.1
14.5 14.5 2.6
17.5 17.5 1.7
Table D-14. Whole-core magnetic 
susceptibility (K) results for core 6.
228
Core 
Depth 
Composite 
Core Depth Value
(cm) (cm) (10-5 SI units)
0 50.7 3
3 52.6 3.1
6 55.1 3.2
9 57.5 3.2
12 60.4 2.7
15 63.4 2.3
18 66.4 1.7
21 69.5 1.7
24 72.5 1.8
27 75.5 1.8
30 78.5 1.9
33 81.5 2
36 85.6 1.9
39 90.1 1.8
42 94.7 1.7
45 99.0 1.8
48 102.3 2
51 105.4 2.1
54 108.5 2
57 111.6 2
60 114.7 1.9
63 117.8 1.7
66 120.9 1.7
69 124.0 1.7
72 127.1 1.3
75 130.6 1.2
78 134.5 0.8
81 138.5 1.2
84 142.6 1.2
87 148.2 1.2
90 154.8 0.9
93 157.8 0.8
96 160.8 0.8
99 163.8 0.7
102 166.8 0.7
105 169.8 0.7
Table D-15. Whole-core magnetic 
susceptibility (K) results for core 7.
229
Core 
Depth 
Composite 
Core Depth Value
(cm) (cm) (10-5 SI units)
108 172.8 0.7
111 175.8 0.9
114 178.8 0.8
117 181.8 0.9
120 184.8 0.9
123 187.8 0.9
126 190.8 0.9
129 193.8 0.9
132 196.8 0.9
135 199.8 0.5
138 202.8 0.6
141 205.8 0.9
144 208.8 0.6
147 211.8 0.5
150 214.8 0.4
153 217.8 0.2
156 220.8 0.4
159 223.8 0.2
162 226.8 0.1
165 229.8 0.4
168 232.8 0.4
171 235.8 0.6
174 238.8 0.9
177 241.8 0.2
180 244.8 0.1
183 247.8 0.1
186 250.8 0
189 253.8 -0.1
192 256.8 0.2
195 259.8 0
198 262.8 -0.1
201 265.8 -0.1
204 268.8 -0.1
207 271.8 -0.2
210 274.8 -0.1
213 277.8 -0.2
216 280.8 -0.1
Table D-15.  Continued for core 7.
230
Core 
Depth 
Composite 
Core Depth Value
(cm) (cm) (10-5 SI units)
219 283.8 0
222 286.8 0.2
225 289.8 0
228 292.8 0
231 295.8 -0.1
234 298.8 0.1
237 301.8 -0.1
240 304.8 -0.2
243 307.8 -0.2
246 310.8 -0.5
249 313.8 -0.4
252 316.8 -0.4
255 319.8 -0.4
258 322.8 -0.4
261 325.8 -0.4
264 328.8 0
267 331.8 -0.2
270 334.8 -0.2
273 337.8 -0.1
276 340.8 -0.1
279 343.8 -0.1
Table D-15.  Continued for core 7.
231
Core 
Depth 
Composite 
Core Depth Value
(cm) (cm) (10-5 SI units)
1 163.8 0.7
4 166.8 0.7
7 169.8 0.6
10 172.8 0.7
13 175.8 0.7
16 178.8 0.6
19 181.8 0.6
22 184.8 0.7
25 187.8 0.7
28 190.8 0.7
31 193.8 0.8
34 196.8 0.7
37 199.8 0.7
40 202.8 0.6
43 205.8 0.8
46 208.8 0.7
49 211.8 0.8
52 214.8 0.8
55 217.8 0.8
58 220.8 0.9
61 223.8 0.8
64 226.8 0.8
67 229.8 0.8
70 232.8 0.8
73 235.8 0.7
76 238.8 1.1
79 241.8 0.8
82 244.8 0.8
85 247.8 0.7
88 250.8 0.6
91 253.8 0.6
94 256.8 0.4
97 259.8 0.5
100 262.8 0.4
103 265.8 0.5
Table D-16. Whole-core magnetic 
susceptibility (K) results for core 8.
232
Core 
Depth 
Composite 
Core Depth Value
(cm) (cm) (10-5 SI units)
106 268.8 0.4
109 271.8 0.5
112 274.8 0.4
115 277.8 0.2
118 280.8 0.4
121 283.8 0.2
124 286.8 0.4
127 289.8 0.2
130 292.8 0.2
133 295.8 0.1
136 298.8 -0.4
139 301.8 -0.2
142 304.8 -0.2
145 307.8 -0.4
148 310.8 -0.4
151 313.8 -0.5
154 316.8 -0.5
157 319.8 -0.5
160 322.8 -0.5
163 325.8 -0.5
166 328.8 -0.5
169 331.8 -0.5
172 334.8 -0.5
175 337.8 -0.5
178 340.8 -0.5
181 343.8 -0.5
184 346.8 -0.5
187 349.8 -0.4
190 352.8 -0.4
193 355.8 -0.5
196 358.8 -0.5
199 361.8 -0.5
202 364.8 -0.4
205 367.8 -0.4
208 370.8 -0.4
211 373.8 -0.4
Table D-16.  Continued for core 8.
233
Core 
Depth 
Composite 
Core Depth Value
(cm) (cm) (10-5 SI units)
214 376.8 -0.4
217 379.8 -0.4
220 382.8 -0.5
223 385.8 -0.5
226 388.8 -0.4
229 391.8 -0.4
232 394.8 -0.5
235 397.8 -0.4
238 400.8 -0.4
241 403.8 -0.4
244 406.8 -0.4
247 409.8 -0.4
250 412.8 -0.4
253 415.8 -0.5
256 418.8 -0.6
259 421.8 -0.5
262 424.8 -0.6
265 427.8 -0.4
268 430.8 -0.2
Table D-16.  Continued for core 8.
234
Core 
Depth 
Composite 
Core Depth Value
(cm) (cm) (10-5 SI units)
1 1 0
4 4 0.7
7 7 1.1
10 10 1.4
13 13 1.7
16 16 1.2
Table D-17. Whole-core magnetic 
susceptibility (K) results for core 15.
235
Core 
Depth 
Composite 
Core Depth Value
(cm) (cm) (10-5 SI units)
0.5 0.5 0.1
3.5 3.5 0.5
6.5 6.5 0.8
9.5 9.5 1.3
12.5 12.5 1.4
15.5 15.5 0.7
Table D-18. Whole-core magnetic 
susceptibility (K) results for core 16.
236
Core 
Depth 
Composite 
Core Depth Value
(cm) (cm) (10-5 SI units)
1 1 0.2
4 4 0.4
7 7 0.6
10 10 0.7
13 13 0.7
16 16 0.9
19 19 1.1
22 22 1.9
25 25 2.8
28 28 3.8
31 31 5.5
34 34 7.0
37 37 7.8
40 40 8.2
43 43 7.5
46 46 6.3
49 49 5.7
52 52 4.9
55 55 4.6
58 58 4.4
61 61 3.9
64 64 3.8
67 67 4.0
70 70 4.0
73 73 3.7
76 76 3.4
79 79 3.2
82 82 3.3
85 85 3.4
88 88 3.7
91 91 3.6
94 94 3.4
97 97 3.4
100 100 3.6
103 103 3.7
106 106 3.7
Table D-19. Whole-core magnetic 
susceptibility (K) results for core 17.
237
Core 
Depth 
Composite 
Core Depth Value
(cm) (cm) (10-5 SI units)
109 109 3.4
112 112 3.2
115 115 3.1
118 118 3.0
121 121 3.1
124 124 3.1
127 127 2.8
130 130 2.6
133 133 2.1
136 136 1.9
139 139 1.9
142 142 1.7
145 145 1.3
148 148 0.9
151 151 0.6
Table D-19.  Continued for core 17.
238
Core 
Depth 
Composite 
Core Depth Value
(cm) (cm) (10-5 SI units)
1 1 4.3
4 4 6.8
7 7 8.3
10 10 9.6
13 13 10.9
16 16 9.4
Table D-20. Whole-core magnetic 
susceptibility (K) results for core 18.
239
Core 
Depth 
Composite 
Core Depth Value
(cm) (cm) (10-5 SI units)
6 6.4 1.4
9 8.7 1.5
12 11.5 1.7
15 14.4 2.0
18 17.3 2.7
21 20.1 3.9
24 23.0 4.7
27 25.9 5.0
30 28.7 6.5
33 33.1 8.7
36 39.2 9.1
39 44.1 8.4
42 48.5 7.2
45 52.9 5.8
48 57.3 4.3
51 61.7 2.8
54 66.1 2.4
57 70.5 1.9
60 74.9 1.8
63 79.3 2.0
66 83.5 1.9
69 87.7 1.7
72 91.8 1.4
75 96.0 1.4
78 100.1 1.2
81 104.2 0.9
84 107.5 0.9
87 110.5 0.8
90 113.6 0.7
93 116.7 0.6
96 119.7 0.7
99 122.8 0.7
102 125.9 0.7
Table D-21. Whole-core magnetic 
susceptibility (K) results for core 19.
240
Core 
Depth 
Composite 
Core Depth Value
(cm) (cm) (10-5 SI units)
0.5 0.5 1.7
3.5 3.5 3.9
6.5 6.5 5.5
9.5 9.5 6.3
12.5 12.5 7
15.5 15.5 6.1
Table D-22. Whole-core magnetic 
susceptibility (K) results for core 20.
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APPENDIX E
INDIVIDUAL SEDIMENT CORE LITHOLOGY AND SEDIMENT PROPERTIES 
FOR THE CENTRAL REGION AT REX LAKE, OHIO
Dry bulk density, organic content, water content, carbonate content, and whole-core 
magnetic susceptibility (k) measurements were performed on cores 5, 6, 7, 8, 15, 16, 17, 
18, 19, and 20.
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Light brown mud
Dark brown mud
Black mud
Brown mud
Lithologic descriptions of Core 5 of the central region of Rex Lake.
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Black mud
Dark brown mud
Brown mud
Brown and black 
mottled mud
Lithologic descriptions of Core 6 of the central region of Rex Lake.
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Lithologic descriptions of Core 7 of the central region of Rex Lake.
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Lithologic descriptions of Core 8 of the central region of Rex Lake.
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Black mud
Brown mud
Black and brown
thinly laminated
mud
Olive brown/black
mud
Lithologic descriptions of Core 15 of the central region of Rex Lake.
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Black mud
Brown and black 
mottled mud
Brown mud
 Lithologic descriptions of Core 16 of the central region of Rex Lake.
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Brown mud
Black and brown
thinly laminated mud
Olive brown/black
 mud
Black and grey 
mottled mud
Dark brown 
Grey mud
Lithologic descriptions of Core 17 of the central region of Rex Lake.
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Lithologic descriptions of Core 18 of the central region of Rex Lake.
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Lithologic descriptions of Core 19 of the central region of Rex Lake.
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Lithologic descriptions of Core 20 of the central region of Rex Lake.
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